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Preface 


Thank you for purchasing a Fujitsu semiconductor product. 


The MB90610A series has been developed as a general-purpose product in the F*MC-16L series. The 
F2MC-16L series are proprietary 16-bit single-chip microcontrollers that can be used as application 
specific ICs (ASICs). 


This manual describes the functions and operation of the MB90610A series and is aimed at engineers who 
are using the chip to develop products. For details on the instruction set, see the "F7MC-16L Programming 
Manual”. 


*: F2MC stands for Fujitsu Flexible Microcontroller. 
This manual is organized as follows. 


Chapter 1 General 
Describes the MB90610A series features, product range, block diagram, pin assignment, and notes on 
device operation. 


Chapter 2 Hardware 
Describes the internal structure of the F7MC-16L series CPU and the internal hardware specifications of 
the MB90610A series. 


Chapter 3 Operation 
Describes the clock generator, reset, interrupts, memory access modes, low power modes, and other 
features of the MB90610A series. 


Chapter 4 Instructions 
Summarizes the F7MC-16L series instruction set. 


. The products described in this manual and the specifications thereof may be changed without prior 
notice. To obtain up-to-date information and/or specifications, contact your Fujitsu sales 
representative or Fujitsu authorized dealer. 


. Fujitsu will not be liable for infringement of copyright, industrial property right, or other rights of a third 
party caused by the use of information or drawings described in this manual. 


. The contents of this manual may not be transferred or copied without the express permission of 
Fujitsu. 


. The products contained in this document are not intended for use with equipments which require 
extremely high reliability such as aerospace equipments, undersea repeaters, nuclear control 
systems or medical equipments for life support. 


. Some of the products described in this manual may be strategic materials (or special technology) as 
defined by the Foreign Exchange and Foreign Trade Control Law. In such cases, the products or 
portions thereof must not be exported without permission as defined under the Law. 


© 1996 FUJITSU LIMITED Printed in Japan 
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1.1. Features 


Chapter 1: 
General 


The MB90610A series are general-purpose, high performance 16-bit microcontrollers designed for 
applications requiring high speed real-time processing in industry, office equipment, process control, and 
other fields. 


The instruction set follows the F*MC-8 series AT architecture with additional high level language 
instructions, enhanced addressing modes, improved multiplication and division instructions, and bit 
manipulation instructions. Furthermore, a 32-bit accumulator enables processing of long-word data. 


The internal peripheral resources consist of a 3-channel serial port incorporating a UART function (and 
supporting I/O expansion serial mode), 8-channel 10-bit A/D converter, 2-channel PPG, 2-channel 16-bit 
reload timer, 8-channel chip select output, and eight external interrupts. 


Also, multiplexed or non-multiplexed operation can be selected for the address/data bus. 


1.1 Features 


(1) Minimum instruction execution time (Standard F7MC-16 features): 
62.5 nS at 16 MHz internal operation 
Uses PLL clock multiplication 


(2) Instruction set optimized for controller applications (Standard F7MC-16 features) 
¢ Wide range of data types (bit, byte, word, and long word) 
¢ Wide range of addressing modes: 23 modes 
¢ High code efficiency 


¢ High accuracy operations are enhanced by use of a 32-bit accumulator. 


(3) Enhanced high level language (C) and multitasking support instructions 
(Standard F2MC-16 features) 


¢ Use of a system stack pointer 
¢ Enhanced pointer indirect instructions 


¢ Barrel shift instructions 


(4) Improved execution speed (Standard F*MC-16 features): 


Four byte instruction queue 
(5) Powerful interrupt function from 24 sources in 8 levels (Standard F7MC-16 features) 


(6) Automatic data transfer that is independent of the CPU (Standard F2MC- 16 features) 


1.1. Features 


(7) Multiplexed or non-multiplexed operation can be selected for the address/data bus 
(8) General-purpose ports 
Non-multiplexed mode: 36 ports max. 


Multiplexed mode: 52 ports max. 


(9) UART (SCI): 3ch 


¢ For either asynchronous or clocked serial transfer (I/O expansion serial) 


(10) A/D converter: 8ch (10-bit) 


¢ 8-bit conversion mode also available 
(11) PPG (programmable pulse generator): 2ch 
(12) 16-bit reload timer: 2ch 
(13) Chip select output: 8ch 
(14) External interrupts: 8ch 


(15) 18-bit timebase timer 


¢ Watchdog timer function 
(16) PLL clock multiplier function 
(17) CPU intermittent operation function 
(18) Various standby modes 
(19) SQFP-100 or QFP-100 package 


(20) CMOS technology 
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1.2 Product Range 


1.2 Product Range 


Table 1.2.1 lists the MB90610A series product range. Features other than ROM and RAM size are the 


same for all products. 


Table 1.2.1 MB90610A Series Product Range 


MB90611A MB90V610A 
ROM size - 
RAM size 1KB 4KB 
Other No ROM Evaluation device 


* At the time of writing this manual, actual product range details are still to be confirmed. 
The above product range is provisional and does not guarantee the future availability of products. 


1.3. Block Diagram 


1.3 Block Diagram 
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Fig. 1.3.1 Block Diagram of the MB90610A Internal Structure 


4 Chapter 1: General 


1.4 Pin Assignment 


1.4.1 SQFP-100 Pin Assignment 
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97 P16/D14/AD14 
96 P15/D13/AD13 
95 P14/D12/AD12 
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100 P21/A01 
99 P20/A00 


P22/A02 1 
P23/A03 2 
P24/A04 3 
P25/A05 4 
P26/A06 5 
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Fig. 1.4.1 SQFP-100 Pin Assignment 
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1.4 Pin Assignment 


1.4 Pin Assignment 


1.4.2 QFP-100 Pin Assignment 
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Fig. 1.4.2 QFP-100 Pin Assignment 
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1.5 Package Dimensions 


1.5 Package Dimensions 
1.5.1 SQFP-100 Package Dimensions 


FPT-100P- 


EIAJ Code: *QFP100-P-1414-1 


Plastic SQFP 100-pin Lead pitch 0.50 mm 

Package width x ie deat 
length 

Sbebetebeteteeee oS Ea, Lead shap e Gull-wing 

Sealing Plastic mold 
(FPT-100P-M05) 
Plastic SQFP 100-pin 
(FPT-100P-M05) 
aise (mounted height) 
| | 
———_— Units: mm (inches) 


* The above package dimensions are for reference only. Please confirm the actual dimensions separately. 


Fig. 1.5.1 SQFP-100 Package Dimensions 


1.5 Package Dimensions 


1.5.2 QFP-100 Package Dimensions 


FPT-100P- 


EIAJ Code: *QFP100-P-1420-4 


Plastic QFP 100-pin Lead pitch 0.65 mm 

Package width x 1420 mm 
length 

Lead shape Gull-wing 

Sealing Plastic mold 
Length of pin 
flat section Seen 
(FPT-100P-M06) 
Plastic QFP 100-pin 
(FPT-100P-M06) 
= _——/ 
— Units: mm (inches) 


* The above package dimensions are for reference only. Please confirm the actual dimensions separately. 


Fig. 1.5.2 QFP-100 Package Dimensions 
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1.6 Pin Descriptions 


1.6 Pin Descriptions 


Table 1.6.1 MB90610A Pin Descriptions (1) 


Pin No. ' enc : 
Pin Name Circuit Type Function 
QFP SQFP 
ue oY 0 a Crystal oscillator pins 
83 81 x1 (Oscillator) ee Be 
85 83 DOO to DO7 : In non-multiplex mode, the I/O pins for the lower 8 bits ofthe external data bus. 
. - ADO00 to ADO7 (TTL) = gt i mode, the I/O pins for the lower 8 bits of the external address/data 
P10 to P17 nated I/O ports. This applies in non-multiplexed mode with an 8-bit 
93 91 : mies ee 
K In non-multiplexed mode, the I/O pins for the upper 8 bits of the external data bus. 
to to DO8 to D15 ‘ : : . 
100 98 (TTL) This applies when using a 16-bit external data bus. 
ADO08 to AD15 = oe mode, the I/O pins for the upper 8 bits of the external address/data 
99 P20 to P27 a General-purpose I/O ports. This applies in multiplexed mode. 
1to8 100 & i ins fe i 
ane A00 to AO7 (CMOS) : se multiplexed mode, the output pins for the lower 8 bits of the external address 
9 7 P30 to P37 General-purpose I/O ports. This applies in multiplexed mode. 
10 8 B 
2 - A08 to A15 (CMOS) age mode, the output pins for the upper 8 bits of the external address 
17 15 
18 16 P40 to P47 General-purpose I/O ports. This applies when the upper address control register 
to to specifies port operation. 
22 20 B 
24 22 (CMOS) The output pins for A16 to 23 of the external address bus. This applies when the 
to to A16 to A23 : Soa : 
upper address control register specifies address operation. 
26 24 
by bs P70 to P73 General-purpose I/O ports. This applies in all cases. 
to to H External interrupt request input pins. As the inputs operate continuously when exter- 
30 28 INTO to INT3 (CMOS/H) nal interrupts are enabled, output to the pins from other functions must be stopped 
unless doneintentionally. 
P74 to P75 aes ales aa om ports. This applies when the waveform outputs for PPG timers 
31 29 H External interrupt request input pins. As the inputs operate continuously when exter- 
INT4 to INT5 nal interrupts are enabled, output to the pins from other functions must be stopped 
= ay cur unless doneintentionally 
PPGO to PPG1 as con tae ee 1. This applies when the waveform outputs for 
P76 General-purpose I/O port. This applies in all cases. 
External interrupt request input pin. As the input operatescontinuously when the 
INT6 H external interrupt is enabled, outputto the pin from other functions must be stopped 
33 31 (CMOS/H) unless doneintentionally. 
Trigger input pin for the A/D converter. As the input operates continuously when the 
ATGX A/D converter inputs are operating, output to the pin from other functions must be 
stopped unless done intentionally. 
Power supply for the analog circuits. Do not switch this power supply on or off 
at ae ENEE POW OSMDEY unless a voltage greater than AVCC is applied to VCC. 
Analog circuit reference voltage input. Do not switch the voltage to this pin on or off 
oS i Powersupply unless a voltage greater than AVR+ is applied to AVCC. 
36 34 AVR- Power supply Analog circuit reference voltage input 
37 35 AVSS Power supply Ground level for the analog circuits 


1.6 Pin Descriptions 


Table 1.6.1 MB90610A Pin Descriptions (2) 


Pin No. . yee : 
Pin Name Circuit Type Function 
QFP SQFP 
38 36 P60 to P67 Open-drain output ports. This applies when port operation is specified in the analog 
to to input enable register. 
41 39 Cc 
nalog input pins for the converter. This applies when operation is speci- 
43 41 ANG YO ANG (AD) Analog i ins for the A/D This applies when A/D ion i 
to to fied in the analog input enable register. 
46 44 
P80 General-purpose I/O port. This applies in all cases. 
External interrupt request input pin. As the input operatescontinuously when the 
INT7 H external interrupt is enabled, outputto the pin from other functions must be stopped 
47 45 (CMOS/H) unless doneintentionally. 
Event input pin for reload timer 0. As the input operates continuously when the 
TINO reload timer is set to input operation,output to the pin from other functions must be 
stopped unless done intentionally. 
P81 General-purpose I/O port. This applies in all cases. 
48 46 D Event input pin for reload timer 1. As the input operates continuously when the 
TIN1 (CMOS/H) reload timer is set to input operation,output to the pin from other functions must be 
stopped unless done intentionally. 
49 47 E 
to to MDO to MD2 (CMOS) Input pins for specifying the operation mode. Connect directly to VCC or VSS. 
51 49 
52 50 HSTX is Hardware standby input pin 
(CMOS/H) en mbar 
P82 to P83 General-purpose I/O ports. This applies when output is disabled for reload timers 0 
53 51 D and 1. 
54 52 TOTO to TOTI (CMOS/H) Output pins for reload timers 0 and 1. This applies when output is enabled for reload 
timers 0 and 1. 
P84 General-purpose I/O port. This applies in all cases. 
55 53 D Serial data input pin for UARTO. As the input operates continuously when UARTO is 
SINO (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless 
done intentionally. 
P85 General-purpose I/O port. This applies when serial data output is disabled for 
D UARTO. 
56 54 
SOTO (CMOS/H) Serial data output pin for UARTO. This applies when serial data output is enabled for 
UARTO. 
P86 General-purpose I/O port. This applies when the UARTO clockoutput is disabled. 
57 55 D Clock I/O pin for UARTO. This applies when the UARTO clock output is enabled. As 
SCKO (CMOS/H) the input operates continuously when UARTO is set to input operation, output to the 
pin from otherfunctions must be stopped unless done intentionally. 
P90 General-purpose I/O port. This applies in all cases. 
58 56 D Serial data input pin for UART1. As the input operates continuously when UART1 is 
SIN1 (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless 
done intentionally. 
P91 General-purpose I/O port. This applies when serial data output is disabled for 
D UARTI. 
59 57 
SOTI (CMOS/H) Serial data output pin for UART1. This applies when serial data output is enabled for 
UARTI. 
P92 General-purpose I/O port. This applies when the UART1 clockoutput is disabled. 
D Clock I/O pin for UART1. This applies when the UART1 clock output is enabled. As 
60 58 
SCK1 (CMOS/H) the input operates continuously when UART1 is set to input operation, output to the 
pin from otherfunctions must be stopped unless done intentionally. 
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1.6 Pin Descriptions 


Table 1.6.1 MB90610A Pin Descriptions (3) 


Pin No. , eee : 
Pin Name Circuit Type Function 
QFP SQFP 
P93 General-purpose I/O port. This applies in all cases. 
61 59 D Serial data input pin for UART2. As the input operates continuously when UART?2 is 
SIN2 (CMOS/H) set to input operation, output to thepin from other functions must be stopped unless 
done intentionally. 
General-purpose I/O port. This applies when serial data output is disabled for 
P94 
D UART2. 
62 60 
SOT2 (CMOS/H) Serial data output pin for UART2. This applies when serial data output is enabled for 
UART2. 
P95 General-purpose I/O port. This applies when the UART2 clockoutput is disabled. 
63 61 D Clock I/O pin for UART2. This applies when the UART2 clock output is enabled. As 
SCK2 (CMOS/H) the input operates continuously when UART2 is set to input operation, output to the 
pin from otherfunctions must be stopped unless done intentionally. 
64 62 CSO ie Chip select pin for program ROM 
65 63 PA1 to PA7 General-purpose VO ports: This applies for pins with chip select output disabled by 
| the chip select control register. 
to to 
71 69 CS1 to CS7 (CMOS) Output pins for the chip select function. This applies for pins with chip select output 
enabled by the chip select control register. 
70 70 P50 | General-purpose I/O port. This applies when CLK output is disabled. 
CLK (CMOS) CLK output pin. This applies when CLK output is enabled. 
73 71 P51 L General-purpose I/O port. This applies when the external ready function is disabled. 
RDY (TTL) Ready input pin. This applies when the external ready function is enabled. 
7 79 P52 | General-purpose I/O port. This applies when the hold function is disabled. 
HAKX (CMOS) Hold acknowledge output pin. This applies when the hold function is enabled. 
5 73 P53 L General-purpose I/O port. This applies when the hold function is disabled. 
HRQ (TTL) Hold request input pin. This applies when the hold functionis enabled. 
General-purpose I/O port. This applies in 8-bit external bus mode or when output is 
P54 : : 
| disabled for the WR pin. 
76 74 
WRHX (CMOS) Write strobe output pin for the upper 8 bits of the data bus. This applies in 16-bit 
external bus mode and when output is enabled for the WR pin. 
77 75 RSTX icon External reset request input pin 
P55 I General-purpose I/O port. This applies when output is disabled for the WR pin. 
78 76 WRLX (CMOS) Write strobe output pin for the lower 8 bits of the data bus. This applies when output 
is enabled for the WR pin. 
79 77 RDX ( ys 0s) Read strobe output pin for the data bus 
80 78 ALE cos Address latch enable output pin 
23 21 ee ie 
84 32 vec Power supply Power supply for the digital circuits 
11 9 
42 40 VSS Power supply Ground level for the digital circuits 
81 79 
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1.6 Pin Descriptions 


Table 1.6.3 1/O Circuit Configurations (1) 


Type Circuit Configuration Remarks 
¢ MAX. 3 MHz to 32 MHz 
tl a * Oscillator feedback resistance: 
approximately 1 MQ 
A 
¢ CMOS level I/O 
With standby control 
Digital output 
Digital output 
B 
Digital input 
STANDBY 
CONTROL 
¢ N-channel open drain output 
CMOS level hysteresis input 
With AD control 
Digital output 
Cc A/D input 
Digital input 
A/D DISABLE 
¢ CMOS level output 
va eee CMOS level hysteresis input 
gee With standby control 
Digital output 
D 
Digital input 
STANDBY 
CONTROL 
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1.6 Pin Descriptions 


Table 1.6.3 1/O Circuit Configurations (2) 


Type Circuit Configuration Remarks 
¢ CMOS level input 
al No standby control 
h 
Digital input 
¢ CMOS level hysteresis input 
No standby control 
i 
Digital input 
¢ CMOS level hysteresis input 
No standby control 
¢ With pull-up 
IW 
, Fl 
Digital input 
¢ CMOS level output 
¢ CMOS level hysteresis input 
No standby control 
H 


Digital output 
Digital output 
Digital input 
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1.7 Device Operation 


Table 1.6.3 I/O Circuit Configurations (3) 


Type Circuit Configuration Remarks 
¢ CMOS level I/O 
STANDBY 
CONTROL ¢ Pull-up resistor approximately 50 kQ 
R Digital output ¢ Pin goes to high impedance during 
stop mode. 
/— Digital output 
Digital input 
STANDBY 
CONTROL 
¢ CMOS level output 
SUNDRY ¢ Pull-up resistor approximately 50 kQ 
R Digital output ¢ Pin goes to high impedance during 
J stop mode. 
= Digital output 
* CMOS level output 
[-— Diaita out * TTL level input 
Digital output With standby control 
K 
Digital input 
STANDBY 
CONTROL 
¢ CMOS level output 
STANDBY 
Sen ¢ TTL level input 
i Digital output ¢ Pull-up resistor approximately 50 kQ 
ern ¢ Pin goes to high impedance during 
L stop mode. 
Digital input 
STANDBY 
CONTROL 


Note: For pins with pull-up resistors, the resistance is disconnected when the pin outputs the "L" level or when 
in the standby state. 


1. .7 Device Operation 
Chapter 1: General 


1.7 Device Operation 


(1) Preventing latch-up 


Latch-up occurs in a CMOS IC if a voltage greater than VCC or less than VSS is applied to an input or 
output pin or if the voltage applied across VCC and VSS exceeds the rating. If latch-up occurs, the power 
supply current increases rapidly resulting in thermal damage to circuit elements. Therefore, ensure that 
maximum ratings are not exceeded in circuit operation. 

For the same reason, also ensure that the analog supply voltage does not exceed the digital supply voltage. 


(2) Connecting unused pins 

Leaving unused input pins unconnected can cause misoperation. Always pull-up or pull-down unused 
pins. 

(3) Cautions when using an external clock 


Drive the XO pin only when using an external clock. Figure 1.7.1 shows an example of how to use an 
external clock. 


X0 


x1 
MB90610A 


Fig. 1.7.1 Example of Using an External Clock 


(4) Power supply pins 


When multiple VCC and VSS pins are provided, connect all VCC and VSS pins to supply or ground 
externally. Although pins at the same potential are connected together in the internal device design so as to 
prevent misoperation such as latch-up, connecting all VCC and VSS pins appropriately minimizes 
unwanted radiation, prevents misoperation of strobe signals due to increases in the ground level, and keeps 
the overall output current rating. 


Also, take care to connect VCC and VSS to a low impedance current source. 
Connection of a bypass capacitor (a ceramic capacitor of approximately 0.1 UF connected close to the 
device) between VCC and VSS is recommended. 


(5) Crystal oscillator circuit 


Noise in the vicinity of the XO and X1 pins can be a cause of device misoperation. Place X0, X1, the 
crystal oscillator (or ceramic oscillator), and the bypass capacitor to ground as close together as possible. 
Also, design the circuit board so that the wiring for the crystal oscillator circuit does not cross other 
wiring. 


A printed circuit board design that surrounds the XO and X1 pins with ground provides for stable operation 
and is strongly recommended. 


(6) A/D converter power supply and the turn-on sequence for analog inputs 
Do not apply current to the A/D converter power supply (AVCC, AVR+, AVR-) or analog inputs (ANO to 
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AN7) until the digital power supply (VCC) is turned on. 


When turning the device off, turn off the digital power supply after cutting the A/D converter power 
supply and analog inputs. 


When turning the power on or off, ensure that AVR+ does not exceed AVCC. 
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Chapter 2: 
Hardware 


2.1 CPU 
2.1.1 Memory Space 


@ Outline of the CPU memory space 
The program, data, and I/O managed by the F7MC-16L CPU are all located in the CPU's 16MB memory 


space. The CPU accesses each resource by setting the corresponding address on the 24-bit address bus 
(Figure 2.1.1). 


F2MC-16L device 


poet eee e eee eee i FFFFFFH 
[meena 
FF8000H 


I 
I 
I 
I 
I 
I 
I 
I 
; | PeMC-16L ES 810000H 
| CPU 
I 
I Data area 
I 
I 800000H 
I 
La 
0000C0H 
Reripheral Interrupt controller 
I 
| 0000B0H 
I 
\ { Internal resources 
fl General- 
purpose 000020H 
! ports 
| [Device] General-purpose ports 
1 VI 
bee eee ee ee eRe HH He 4 000000H 


Fig. 2.1.1 Example of the Relationship Between the F2MC-16L System and Memory Map 
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m@ Address generation modes 

Address generation in the F*MC-16L can be broadly divided into two modes: linear addressing and bank 
addressing. In linear addressing, the instruction specifies the entire 24-bit address. In bank addressing, the 
upper 8 bits of the address are set in a bank register based on the application and the instruction specifies 
the lower 16 bits of the address. 

Linear addressing can be further divided into two types. In one method, the operand specifies the 24-bit 


address directly. In the other method, the lower 24 bits of a 32-bit general-purpose register are used as the 
address. (Figure 2.1.2) 


Example 1: Linear addressing with a 24-bit operand specified 


JMPP — 123456H 


17452DH 


Old program counter i 
proaam bank 17}  452D JMPP 123456 


+ program bank 17 i 3456 


New program counter 


Example 2: Linear addressing using 32-bit register indirect addressing 


MOV _A,@RL1+7 


Old AL XXXX [re 090700H 3A 


+7 


RL1 240906F9 
New AL 003A (Upper 8 bits ignored.) 


Fig. 2.1.2 Example of Linear Address Generation 
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@ Bank addressing modes 


2.1. CPU 


Bank addressing splits the 16MB address space into 256 banks of 64KB. The bank registers specify the 
bank address. Five types of bank register are provided. Table 2.1.1 lists the memory space accessed and 


the main use for each bank register. 


Table 2.1.1 Memory Space Accessed by Each Bank Register 


Memory Space 


Bank Register Name Name 


Main Application 


Initial Value 
After Reset 


Stores instruction code, vector tables, and immediate 


Program bank register (PCB) | Program (PC) space data FFH 
Stores readable and writable data. 
Data bank register (DTB) | Data (DT) space Accesses control registers and data registers for internal 00H 
and external peripherals. 
User stack bank register (USB) Area used for stack access such as by PUSH and POP 00H 
instructions or register saving at interrupts. 
Stack (SP) space : P 
System stack bank register (SSB) Pee SSB is used when S=1 in CCR. 00H 
USB is used when S=0 in CCR. 
(ADB) | Additional (AD) space Stores data such as data that is too large for the data 00H 


Additional bank register 


(DT) space. 


After a reset, the DT, SP, and AD spaces are allocated to bank 00 (OOO000H to OOFFFFH) 
and the PC space is allocated to bank FF (FFOOOOH to FFFFFFH). 


To improve instruction code efficiency, instructions have a default space for each addressing mode. Table 
2.1.2 lists the defaults. Prefix codes can be prefixed to instructions to specify a space other than the default 
for the addressing mode used. The system accesses the space corresponding to the prefix code. 


Table 2.1.2 Default Memory Spaces 


Default Space 


Addressing 


Program space 


PC indirect, program access, branching 


Data space 


@A, addr16, dir, Addressing using @RWO0, @RW1, @RW4, or @RW5 


Stack space 


Addressing using PUSHW, POPW, @RW3, or @RW7 


Additional space 


Addressing using @RW2 or @RW6E 
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Figure 2.1.3 shows an example of the division of memory space into banks and each bank register. 


FFOOO0H FFH : PCB (Program bank register) 
Physical 
addresses 
B3FFFFH 
B30000H B3H : ADB (Additional bank register) 
92FFFFH 
920000H 92H : USB (User stack bank register) 
68FFFFH 
680000H 68H : DTB (Data bank register) 
4BFFFFH 
System stack 
4B0000H 4BH : SSB (System stack bank register) 


tee 000000H 


Fig. 2.1.3 Example of Physical Addresses of Each Memory Space 
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@ Memory space layout for multi-byte data 


Figure 2.1.4 shows the data configuration of multi-byte data in memory. The lower 8 bits are placed at 
location n and subsequent bytes placed at locations n+1, n+2, n+3, etc. 


MSB LSB 


H 01010101 11001100 11111111 00010100 


Location n 00010100 


Fig. 2.1.4 Example of Memory Layout for Multi-Byte Data 


Memory is written to from the lowest address. Therefore, for 32-bit data, the lower 16 bits are transferred 
first, followed by the upper 16 bits. 


If a reset signal is input immediately after writing the lower data bits, writing the upper data bits may not 
occur. 


@ Accessing multi-byte data 
All access occurs within a bank. Therefore, for instructions that access multi-byte data, the next address 


after location FFFFH is location OOOOH in the same bank. Figure 2.1.5 shows an execution example for an 
instruction that accesses multi-byte data. 


4 AL before execution 


80FFFFH O1H 
pon nen 
e 
e 
lene AL after execution 23H 01H 
800000H 23H 
L 
L 


Fig. 2.1.5 Execution of MOVW A,080FFFFH 
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2.1.2 Registers 


The F7MC-16L registers can be broadly divided into two categories: dedicated registers located in the 
CPU and general-purpose registers located in internal RAM. Dedicated registers exist as specific hardware 
in the CPU and their use is limited by the CPU architecture. In contrast, general-purpose registers are 
located in RAM in the CPU's address space. Like special registers, general-purpose registers can be 
accessed without specifying an address. However, general-purpose registers can also be used as specified 
by the user, in the same way as standard memory. Figure 2.1.6 shows the layout of the dedicated and 
general-purpose registers in the device. 


CPU Dedicated registers 


General-purpose registers 


Additional data bank 
register 


Internal bus 


Fig. 2.1.6 Special and General-Purpose Registers 
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#@ Dedicated registers 


2.1 


Table 2.1.3 lists the eleven dedicated registers in the F*MC-16L. 


Table 2.1.3 Dedicated Registers 


CPU 


Structure 


Register Name 


Function 


AH ! AL 


Accumulator 


2 x 16-bit registers used to save operation results and 
similar. Can be combined as a single 32-bit register. 


USP User stack pointer 16-bit pointer that specifies the user stack area 
SSP System stack pointer 16-bit pointer that specifies the system stack area 
PS Processor status 16-bit register that indicates the system status 
PC Program counter 16-bit register that stores the address containing the 
program 
DPR Direct page register 8-bit register that specifies the direct page 
PCB Program bank register 8-bit register that specifies the program space 
DTB Data bank register 8-bit register that specifies the data space 
USB User stack bank register 8-bit register that specifies the user stack space 
SSB System stack bank register 8-bit register that specifies the system stack space 
ADB Additional data bank register 8-bit register that specifies the additional space 
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@ Accumulator (A) 


The accumulator consists of two 16-bit operation registers: AH and AL. The accumulator is used for 
temporary storage of operation results and data moves. AH and AL can be combined for 32-bit data 
processing. For 16-bit word processing or 8-bit byte processing, the AL register only is used. (See Figures 
2.1.7 and 2.1.8.) 


Operations can be performed on accumulator data and memory or register (Ri, RWi, or RLi) data. Like the 
F°MC-8, when word-length or shorter data is transferred to the F7MC-16's AL register, the previous 
content of AL is automatically transferred to AH (the data retention function). The data keep function and 
AL-AH operations increase the processing efficiency of the device. (Figure 2.1.8) 


MOVL A,@RW1+6 (This instruction performs a long-word read from the location specified by 
adding an 8-bit offset value to RW1 and places the data in the accumulator.) 


Memory space 


Accumulator 
before execution | XXXXH XXXXH A61540H 
A6153EH 
oT | 
far areccnon 8F74H =} 2B52H A RW1 15H 38H 
AH AL 


Fig. 2.1.7 32-Bit Data Move Example 


MOVW A,@RW1+6 (This instruction performs a single-word read from the location specified by 
adding an 8-bit offset value to RW1 and places the data in the accumulator.) 


Memory space 
MSB LSB 


Accumulator 
before execution | XXXXxH 1234H AG1540H 
— pTB | AGH AG ISSEY 
+6 i 
ter execution 12344} 2B52H A ows 15H 38H 


AH AL 


Fig. 2.1.8 AL-AH Move Example 
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When moving byte-length or shorter data to AL, the data placed in AL is sign extended or zero extended to 
a length of 16 bits. Data in AL can be treated as word-length or byte-length. When the CPU executes a 
byte-length arithmetic instruction on AL, the operation ignores the upper 8 bits of AL and sets the upper 8 
bits of the result to zero. (See Figures 2.1.9 and 2.1.10.) 


The accumulator is not initialized by a reset. The value of the accumulator after a reset is undefined. 


MOV A,3000H (This instruction zero extends the data at location 3000H and places the result in AL.) 


Memory space 
MSB LSB 


Accumulator ' 
before execution | XXXXH ;  2456H B53000H 77H 88H 
Accumulator 2456H '  0088H 
after execution : 


AH AL 


Fig. 2.1.9 Zero Extend Execution Example 


MOVX A,3000H (This instruction sign extends the data at location 3000H and places the result in AL.) 


Memory space 
MSB LSB 


Accumulator T 
before execution | XXXXH {| 2456H 
B53000H 77H 
Jb DTB B5H 
Accumulator 24564 | ~FF88 
after execution i H 


AH AL 


88H 


Fig. 2.1.10 Sign Extend Execution Example 
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@ User stack pointer (USP) and system stack pointer (SSP) 


The USP and SSP are 16-bit registers that specify the memory address for saving and restoring data at 
PUSH/POP instruction or subroutine execution. Stack instructions operate in the same way on both USP 
and SSP. The instructions use USP if the S flag in the processor status (PS) register is set to "0" and SSP if 
the S flag is set to "1" (see Figure 2.1.11). 


The S flag is set to "1" when an interrupt is received. Therefore, when an interrupt occurs, the processor 
always saves registers to the memory specified by SSP. Normally, stack processing in interrupt routines 
uses SSP and stack processing other than in interrupt routines uses USP. If separate stack spaces are not 
necessary, use SSP only. 


Always set an even numbered address to the stack pointer. Setting an odd numbered address splits word 
access in two and reduces efficiency. 


SSB specifies the upper 8 bits of the stack address for SSP and USB specifies the upper 8 bits for USP. 
USP and SSP are not initialized by a reset. The values of USP and SSP after a reset are undefined. 


Example 1: Executing PUSHW A when the S flag is "0". 
MSB LSB 


eet > AL | AG 24H usB] —Céx USP] F328H C6F326H XX 
S flag [> ] SSB 56H SSP| 12344 


Pes ee > AL] A624H USB USP] F326xH <2 _User stack used because S flag = “0”. 


S flag [> ] SSB 56H SSP 1234H C6F326H A6H 24H 


Example 2: Executing PUSHW A when the S flag is "1". 


execoion & AL] A624H USB] = C6H USP] F328 561232H XX x 
S flag ssB| 56x ssp| 1234H 


; 


USP F328H 561232H AGH 24H 


) 
x< 
® 
fe} 
co 
Bs 
p=} 
g 
> 
i. 
fi 
a 
RO 
aS 
5s 
Cc 
a 
wo 
a 
fo) 
x= 


n 
Dp 
a 
n 
n 

ies] 

a 

D 

co 


SSP 1232H < System stack used because S flag = “1”. 


Fig. 2.1.11 Stack Manipulation Instructions and Stack Pointers 
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The processor status register consists of control bits that control the CPU operation and status bits that 
indicate the CPU status. Figure 2.1.12 shows the structure of PS. The upper byte contains the register bank 
pointer (RP), which indicates the top address of the register bank, and the interrupt level mask register 
(ILM). The lower byte contains the condition code register (CCR). The CCR consists of flags which are 
set to "0" or "1" by instruction execution results, interrupt generation, or other events. 


15 <<» 13 12 <——_> 8 7 <{________———_> 0 


Initial value 000 00000 — 0 1 xX xX x x x 
X :  Ideterminate value 


Fig. 2.1.12 PS Structure 


(1) Condition code register (CCR) 


Figure 2.1.13 shows the structure of the condition code register. 


al 


nN 


es 


N 


N 


Q 


Initial value 


7 


6 5 4 3 2 1 0 


ERE a eae ee 
* 0 1 X X X X X 


X :  Ideterminate value 


Fig. 2.1.13 Condition Code Register Structure 


Interrupt enable flag 


: Stack flag 


: Sticky bit flag 


: Negative flag 


: Zero flag 


: Overflow flag 


: Carry flag 


For all interrupts other than software interrupts, setting I to "1" enables the 
interrupts and setting I to "0" masks the interrupts. Cleared by a reset. 


Stack operations use USP if the S flag is set to "0" and SSP if the S flag is 
set to "1". Set by a reset or on receiving an interrupt. 


Set to "1" if the data shifted out of carry during a logical or arithmetic right 
shift instruction contains one or more "1"s. Otherwise, set to "0". Also set 
to "0" if the shift amount is zero. 

Set if the MSB of an operation result is "1", cleared if the MSB is "0". 


Set if an operation result is all "0"s, cleared otherwise. 


Set if an overflow occurs for a signed value as the result of the execution of 
an operation. Cleared if no overflow occurs. 


Set if a carry-up or carry-down occurs for the MSB as the result of the 
execution of an operation. Cleared if no carry occurs. 
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(2) Register bank pointer (RP) 

The RP register specifies the relationship between the F*MC-16L's general-purpose registers and the 
addresses in internal RAM where the registers are located. The top memory address of the register bank 
currently in use is specified by the conversion formula: [000180H + (RP)*10H] (Figure 2.1.14). RP 
consists of 5 bits and can be set in the range 00H to 1FH. This allows register banks to be located in 
memory between 000180H and 00037FH. However, addresses in this range can only be used as general- 
purpose registers if the address is in internal RAM. RP is initialized to OOH by a reset. 


RP can be set by an 8-bit immediate move instruction but only the lower 5 bits are used. 


sees [ee [er [eo]: 
0 0 0 0 


Initial value 0 


Fig. 2.1.14 Register Bank Pointer 


(3) Interrupt Level Mask Register (ILM) 


The ILM consists of 3 bits and specifies the interrupt mask level for the CPU. The CPU only receives 
interrupts with a higher priority level than the level specified in ILM. Zero is the highest interrupt level 
and seven is the lowest interrupt level (see Table 2.1.4). Therefore, to receive an interrupt, the level value 
of the interrupt request must be less than the value set in ILM. When an interrupt is received, the interrupt 
level value is set in ILM. This disables the subsequent reception of interrupts of the same or lower priority. 
ILM is initialized to all zeros by a reset. Instruction allows 8-bit immediate value transfer to ILM but only 
the upper 3 bits are actually used. 


ILM2 }ILM1 |ILMO : ILM 
Initial value 0 0 0 


Fig. 2.1.15 Interrupt Level Register 


Table 2.1.4 Priority Levels for the Interrupt Level Mask Register (ILM) 


ILM2 ILM1 ILMO Level Allowed Interrupt Levels 
0 0 0 0 All interrupts prohibited 
0 0 1 1 0 only 
0 1 0 2 Level 1 or less 
0 1 1 3 Level 2 or less 
1 0 0 4 Level 3 or less 
1 0 1 5 Level 4 or less 
1 1 0 6 Level 5 or less 
1 1 1 7 Level 6 or less 
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@ Program counter (PC) 
The PC is a 16-bit counter. The PC specifies the lower 16 bits of the memory address of the instruction 
code to be executed by the CPU. PCB specifies the upper 8 bits of the address. Operations that update the 


content of the PC include conditional branch instructions, subroutine call instructions, interrupts, and 
resets. 


PCB FEH PC ABCDH 
oe ee FEABCDu | Next instruction to execute 


Fig. 2.1.16 Program Counter 


@ Direct page register (DPR) <Initial value: 01H> 


As shown in Figure 2.1.17, the DPR specifies addr8 to addr15 of the operand for direct addressing 
instructions. DPR is an 8-bit register and is initialized to 01H by a reset. The DPR can be read from or 
written to by instructions. 


DTB register DPR register Direct address in instruction 


MSB | | LSB 


24-bit physicaladdress| cAanaaanaaa PRBBBBBBRBB yryvyvyvyvy 


Fig. 2.1.17 Physical Address Generation Using Direct Addressing 


@ Program counter bank register (PCB) <Initial value: value from reset vector> 


Data bank register (DTB)  <Initial value: OOH> 
User stack bank register (USB)  <Initial value: OOH> 
System stack bank register (SSB) — <Initial value: OOH> 


Additional data bank register (ADB)  <Initial value: OOH> 


The bank registers specify the memory banks for the PC space, DT space, SP space (user), SP space 
(system), and AD space respectively. All bank registers consist of 8 bits. A reset initializes PCB to FFH 
and other bank registers to OOH. The bank registers other than PCB permit reading and writing. The PCB 
permits reading but not writing. The PCB is written to on execution of branch instructions (JMPP, 
CALLP, RETP, and RETD) that operate in the total (16MB) memory space, on execution of a software 
interrupt instruction, and when exceptions or hardware interrupts occur. See 2.1.1 "Memory Space" for 
details on the operation of each register. 
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™@ General-purpose registers 


The general-purpose registers of the F7MC-16L are located in RAM at 000180H to 00037FH in the 
memory map. The register bank pointer (RP) specifies the section of memory that is currently used as the 
register bank. Each bank contains the following three register types. The registers are not independent. 
Figure 2.1.18 shows the relationship between the registers. 


* ROto7: 8-bit general-purpose registers Higher 


* RWO to 7:16-bit general-purpose registers RL3 
¢ RLO to 3: 32-bit general-purpose registers 
RL2 
RL1 
RLO 


000180H+RP*i0H |...-..... > 


Top address of the general-purpose registers 


Fig. 2.1.18 General-Purpose Registers 


@ Register bank 


The register bank consists of eight 16-bit registers: byte registers RO to R7, word registers RWO to RW7, 
and long word registers RLO to RL3. The registers can be used as general-purpose registers in various 
operations and as pointers in various instructions. RLO to RL3 can also be used as linear pointers to 
directly access the entire memory space. Table 2.1.5 lists the function of each register. 


As for standard RAM, the register contents are not initialized by a reset and the registers maintain the 
values that they had prior to the reset. However, the register contents are indeterminate at power on. 


Table 2.1.5 Register Functions 


Used as instruction operands. 
RO to R7 Note: RO is also used as the barrel shift counter and normalize 
instruction counter. 


Used as pointers. 
RW0 to RW7 | Used as instruction operands. 
Note: RW0O is also used as the string instruction counter. 


Used as long pointers. 


RLO to RLS | Used as instruction operands. 
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2.1.3 Prefix Codes 


Placing a prefix code in front of an instruction modifies the operation of the instruction. Three types of 
prefix codes are available: bank select prefixes, common register bank prefixes, and flag change inhibit 
prefixes. 


@ Bank select prefix 


The memory space used for data access is determined by the addressing mode. Placing a bank select prefix 
in front of an instruction selects a specific memory space for data access by the instruction, irrespective of 


the addressing mode. Table 2.1.6 lists the memory space selected by each bank select prefix. 


Table 2.1.6 Bank Select Prefix 


Bank Select Prefix Memory Space 
PCB PC space 
DTB Data space 
ADB AD space 
If the S flag in CCR is "0", selects the user stack space. If the S 
SPB im ww ww 
flag is "1", selects the system stack space. 


However, note that the instructions listed in Table 2.1.7 ignore the bank select prefix. Also, for the 
instructions listed in Table 2.1.8, the effect of the bank select prefix is passed on to the next instruction. 


Table 2.1.7 Instructions that Ignore the Bank Select Prefix 


Instruction Type Instruction Effect of the Bank Select Prefix 
MOVS MOVSW : qe 
String instructions | SEQ SCWEQ ee ae pees ue epetal: 
FILS FILSW P P 
Stack manipulation PUSHW POPW Uses USB (if the S flag 7 0) or SSB (if the S flag = 
instructions 1), whether or not a prefix is present. 
MOV A,io MOVX A,io 
MOVW A,io 
MOV io,A MOVW io,A 
I/O access MOV io,#imm8 MOVW io,#imm16 Accesses the memory space 000000H to OOOOFFH, 
instructions MOVB A,io:bp MOVB io:bp,A whether or not a prefix is present. 
SETB io:bp CLRB io:bp 
BBC. io:bp,rel BBS _io:bp,rel 
WBTC io:bp WBTS io:bp 
mterrupt Peli RETI Uses SSB, whether or not a prefix is present. 
instruction 


Table 2.1.8 Instructions for Which the Effect of the Bank Select 
Prefix is Passed on to the Next Instruction 


Instruction Type 


Instruction 


Flag modify instructions 


AND CCR,#imm8 OR CCR,#imm8 


PS restore instruction 


POPW PS 


ILM set instruction 


MOV 


ILM,#imm8 
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@ When multiple prefix codes are specified 


When multiple conflicting prefix codes are specified, the final code specified is used. 


Prefix code 


——_———1\"-__—~ 


ofa e o6 al ADB DTB PCB ADD A, 01H lig eeee 


A The PCB prefix code is used. 


Fig. 2.1.19 Multiple Prefix Codes 


@ Common register bank prefix (CMR) 


To simplify data exchange between tasks, a predetermined common register bank is required that can be 
accessed by a comparatively simple procedure unaffected by the value of RP at the time. Placing CMR in 
front of an instruction that accesses a register bank changes the accessed register bank to the common bank 
located at 000180H to 00018FH (the bank selected when RP = 0), irrespective of the current value of RP. 
However, care is required with the instructions listed in Table 2.1.9. 


Table 2.1.9 Instructions Requiring Care When Using the 
Common Register Bank Prefix 


Instruction Type Instruction Explanation 
MOVS MOVSW 
String instructions SCEQ SCWEQ Do not use the CMR prefix with string instructions. 
FILS FILSW 
Flag modify The effect of the prefix is passed on to the next 


instructions 


AND CCR,#imm8 OR CCR,#imm8 : , 
instruction. 


PS restore instruction POPW PS 


The effect of the prefix is passed on to the next 
instruction. 


ILM set instruction MOV ILM,#imm8 


The effect of the prefix is passed on to the next 
instruction. 
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@ Flag change inhibit prefix 
Use the flag change inhibit prefix code (NCC) to inhibit unwanted changes to the flags. Placing NCC in 
front of an instruction prevents instruction execution from changing the flags. The prefix inhibits changes 


to the T, N, Z, V, and C flags. 


However, care is required with the instructions listed in Table 2.1.10. 
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Table 2.1.10 Instructions Requiring Care When Using the Flag Change Inhibit Prefix 


Instruction Type 


Instructions 


Explanation 


String instructions 


MOVS MOVSW 
SCEQ SCWEQ 
FILS FILSW 


Do not use the NCC prefix with string 
instructions. 


Flag modify 
instructions 


AND CCR,#imm8 OR CCR,#imm8 


The instruction changes CCR as 
usual, whether or not a prefix is 
present. The effect of the prefix is 
passed on to the next instruction. 


PS restore 
instruction 


POPW PS 


The instruction changes CCR as 
usual, whether or not a prefix is 
present’\The effect of the prefix is 
passed on to the next instruction. 


ILM set instruction 


MOV ILM,#imm8 


The effect of the prefix is passed on to 
the next instruction. 


seen INT #vct8 INT9 The instruction changes CCR as 
INT addri6 INTP addr24 usual, whether or not a prefix is 

Interrupt return 

é RETI present. 

instructions 

Contexawiteh The instruction changes CCR as 
JCTX @A usual, whether or not a prefix is 


instruction 


present. 


@ Interrupt inhibiting instructions 


Hardware interrupt requests are not detected and interrupt requests are ignored for the ten types of 
instruction listed in Table 2.1.11. 


Table 2.1.11 Hardware Interrupt Inhibiting Instructions 


MOV ILM,#imm8’& 
AND CCR,#imm8& 
OR CCR,#imm8s 
POPW PS 


PCB 
ADB 
NCC 
DTB 


SPB 
CMR 


Therefore, if a valid hardware interrupt request occurs during execution of one of these instructions, 
interrupt processing does not start until after the execution of the next instruction of a type other than those 


listed above. Figure 2.1.20 shows an example. 


Interrupt inhibiting instructions 


—_———————x7- A —_— 
CIFIC JG: 
A ( 


Interrupt request occurs 


a) Normal instructions 


Interrupt received 


Fig. 2.1.20 Interrupt Inhibiting Instructions 
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@ Restrictions for interrupt inhibiting instructions and prefix instructions 


If a prefix code is placed in front of an interrupt inhibiting instruction, the effect of the prefix code is 
passed on to the next instruction that is not an interrupt inhibiting instruction. Figure 2.1.21 shows an 
example. 


Interrupt inhibiting instructions 


=——_—_—_—_—_"—"-—-_—_-_ ee ——.. 
MOV A, FFH NCC MOV ILM, #imms [ [| wénente [ ADD A, 01H 


COR : XXX10XX CCR : XXX10XX 
CCR is not modified due to the NCC prefix. 


Fig. 2.1.21 Interrupt Inhibiting Instructions and Prefix Codes 


2.1.4 Interrupts, Extended Intelligent I/O Service, and Exceptions 


The F7MC-16L has functions that halt the currently executing processing and pass control to another 
defined program when an event or similar occurs. The functions can be divided into the following four 


types. 
@ Hardware interrupt Interrupt processing triggered by an event occurring in 
an internal resource circuit. 
@ Software interrupt Interrupt processing triggered by a software event 
instruction. 


@ Extended intelligent I/O service (EI?OS) Data transfer processing triggered by an _ event 
occurring in an internal resource circuit. 
@ Exception Interrupt processing triggered by an exception. 


@ Hardware interrupts 


(1) Outline 


The hardware interrupt function temporarily interrupts the program currently executing in the CPU in 
response to an interrupt request signal from an internal resource circuit. Control is passed to a user-defined 
interrupt handling program. 


To activate a hardware interrupt, the hardware compares the interrupt level of the interrupt request with 
the interrupt level mask register (ILM) in the PS register of the CPU and checks the value of the I flag in 
the PS register. The hardware interrupt activates if the conditions are valid. The CPU performs the 
following processing when a hardware interrupt occurs. 


¢ The A, DPR, ADB, DTB, PCB, PC, and PS registers in the CPU are saved on the system stack. 
¢ The current interrupt level is stored in ILM in the PS register. 


¢ Execution branches to the corresponding interrupt vector. 
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(2) Configuration 


2.1. CPU 


The mechanisms relating to hardware interrupts can be divided into the following three groups. 


¢ Internal resource circuits 


¢ Interrupt controller 


¢ CPU 


Interrupt enable bit and interrupt request bit: Controls interrupt requests 
from internal resources. 


ICR: Assigns interrupt levels and prioritizes simultaneous interrupts. 


I, ILM: Compares the level of the interrupt request with the current level. 
Stores the interrupt enable status. 


Microcode: Executes the interrupt processing steps. 


Each mechanism is represented by the content of its respective registers: internal resource control registers 
for internal resource circuits, the ICR for the interrupt controller, and the CCR for the CPU. When using 
hardware interrupts, the program must first set values to these three register types. See "Interrupt Control 


Register (ICR)" in the "Extended Intelligent I/O Service" section for details on the ICR. 


The interrupt vector table referenced during interrupt processing is located in the memory area FFFCOOH 
to FFFFFFH. The area is shared with software interrupts. Table 2.1.12 lists the allocation of interrupt 
numbers and interrupt vectors. 


Table 2.1.12 Allocation of Interrupt Numbers and Interrupt Vectors 


Software 


interrupt Vector Vector Vector Mode Interrupt Hardware 
P Address L Address M Address H Register Number Interrupt 
Instruction 
INT 0 FFFFFCH FFFFFDH FFFFFEH Unused #0 None 
INT 7 FFFFEOH FFFFE1H FFFFE2H Unused #7 None 
INT 8 FFFFDCH | FFFFDDH | FFFFDEH FFFFDF gs” [eee 
vector) 
INT 9 FFFFD8H FFFFD9H FFFFDAH Unused #9 None 
INT 10 FFFFD4H FFFFDS5H FFFFD6H Unused #10 | <Exception> 
INT 11 FFFFDOH FFFFD1H FFFFD2H Unused #11 peas 
interrupt #0 
INT 12 FFFFCCH | FFFFCDH | FFFFCEH Unused gio |-Hatdwars 
interrupt #1 
INT 13 FFFFC8H FFFFC9H FFFFCAH Unused gia, | Hardware 
interrupt #2 
INT 14 FFFFC4H | FFFFCSH | FFFFC6H Unused iat {| owas 
interrupt #3 
INT 254 FFFCO4H FFFCO5H FFFCO6H Unused #254 | Free 
INT 255 FFFCOOH FFFCO1H FFFCO2H Unused #255 | <Stack fault> 
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(3) Operation 


Internal resources with a hardware interrupt function have an "interrupt request flag" that indicates 
whether an interrupt request is present and an "interrupt enable flag" that selects whether or not the 
resource circuit can send interrupt requests to the CPU. The interrupt request flag is set by specific events 
in the internal resource circuit. If the interrupt enable flag is set to "enabled", the internal resource circuit 
passes the interrupt request to the interrupt controller. 


The interrupt controller compares the interrupt level (IL) in the ICR for each simultaneously occurring 
interrupt request, selects the request with the highest level (the lowest IL value), and notifies the CPU. If 
more than one request occurs with the same level, the request with the lowest interrupt number has 
priority. See Section 2.2.3 "Interrupt Vector Allocation" for details on the relationship between each 
interrupt request and ICR. 


The CPU compares the received interrupt level with ILM in the PS register. If the interrupt level (IL) is 
less than ILM and the I flag in the PS register is "1", the CPU activates the interrupt processing microcode 
after completing execution of the current instruction. The interrupt processing microcode first checks that 
the ISE bit in the interrupt controller's ICR register is set to "0" (indicating an interrupt), then activates the 
main body of interrupt processing. 


After saving the A, DPR, ADB, DTB, PCB, PC, and PS registers (12 bytes) to the memory area specified 
by SSB and SSP, interrupt processing reads the 3-byte interrupt vector and loads the vector to PC and 
PCB, changes ILM in the PS register to the level of the received interrupt request, sets the S flag to "1", 
then executes branch processing. 

As aresult, the next executed instruction is the user-defined interrupt processing program. 


Figure 2.1.22 shows the flow of processing from the generation of a hardware interrupt until the interrupt 
request is completed by the interrupt processing program. Figure 2.1.23 shows the operation flow for a 
hardware interrupt. 


F2MC-16 
bus 


ps ro 


Microcode 


PS: Processor status 

lz Interrupt enable flag 
ILM: Interrupt level mask register 
IR: — Instruction register 


eek] Sara 


memuel 


Enable FF level | 
Request FF Internal 
peripheral 


Interrupt 
controller 


Fig. 2.1.22 Steps from Generation to Release of a Hardware Interrupt 
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(3) 
(4) 
(5) 
(6) 


(7) 
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Interrupt source generated in the internal resource. 

If interrupts are enabled in the internal resource by the interrupt enable bit, the interrupt request is 
passed from the resource to the interrupt controller. 

The interrupt controller receives the interrupt request, evaluates the priorities of any simultaneous 
interrupt requests, then passes the interrupt level of the highest priority interrupt to the CPU. 

The CPU compares the level of the interrupt request from the interrupt controller with ILM in the 
processor status register. 

If the result of comparison is that the priority is higher than for the current interrupt processing 
level, the CPU then checks the I flag in the processor status register. 

If checking the I flag in step 5 indicates that interrupts are enabled, the CPU waits until the current 
instruction completes executing, then sets the request level in ILM. 

The CPU saves the registers, then passes control by branching to the interrupt processing routine. 
The interrupt request completes when the user's interrupt processing routine software clears the 
interrupt source generated in step 1. 


i Flag in CCR : 
LM: Interrupt level mask register in oe. : 
We Internal resource interrupt request : 
E: Inerupt enable flag for the internal resource 
SE: El?OS enable flag 

Le Interrupt request level in the internal resource | 
S: Flag in the CCR 1 


Next instruction load 


and decode Hardware 


interrupt 


Save PS, PC, PCB, DTB, ADB, 
DPR, and A to the SSP stack. 
Then set ILM = IL. 


Extended intelligent I/O 
service processing 


Software 
interrupt 


Save PS, PC, PCB, DTB, ADB, 
DPR, and A to the a ‘stack. 


NO 
Normal instruction Then set | 
execution 


S<1 
String instructio Load interrupt vector. 
iteration complete? Update PCB and PC 


Update PC 


Fig. 2.1.23 Interrupt Operation Flow 
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(4) Example procedure for using hardware interrupts 


() 
(2) 
(3) 
(4) 
(5) 
(6) 
7) 


(8) 
(9) 


Interrupt processing program 


Process the interrupt 
from the internal resource. 


Start internal resource operation. 
Set the interrupt enable bit 
to "enabled". 


Stack processing 
Branch to interrupt vector. Clear the interrupt source. 
(7) Hardware 
processing 


Interrupt return instruction (RETI) 


Interrupt request 
generated: (6) ——_> 


Fig. 2.1.24 Example Procedure for Using Hardware Interrupts 


Set the system stack area. 

Initialize the internal resource that can generate interrupt requests. 

Set ICR in the interrupt controller. 

Set the internal resource to the operating state and set the interrupt enable bit to "enabled". 

Set the ILM and I flag in the CPU to enable the reception of interrupts. 

Generation of an interrupt in the internal resource triggers a hardware interrupt request. 

The interrupt processing hardware saves the registers and branches to the interrupt processing 
program. 

The interrupt processing program performs the necessary processing for the internal resource that 
generated the interrupt. 

Release the interrupt request from the internal resource circuit. 


(10) Execute the interrupt return instruction and return to the previous program. 
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(5) Hardware interrupt requests during a write to an internal resource area 


Hardware interrupt requests cannot be received during a write to an internal resource area. This is to 
prevent misoperation of CPU interrupt processing due to an interrupt request occurring during an update 
of the interrupt control register in an internal resource. The internal resource area refers to the area 
allocated for the control and data registers of internal resources (not the I/O addressing area between 
000000H and OOOOFFH). 


Write instruction for 
an internal resource area 


aq 
é | MOV A, #08 MOV io, A MOV A, 20004 | | Interrupt processing 
0 t 0 


Interrupt request Does not branch Branches to 
generated here. to the interrupt. the interrupt. 


Fig. 2.1.25 Hardware Interrupt Request During a Write to an Internal Resource Area 


(6) Interrupt inhibiting instructions 


Some F*MC-16L instructions do not detect hardware interrupt requests. These are called interrupt 
inhibiting instructions. See Table 2.1.11 for details. 


(7) Multiple interrupts 


The F?7MC-16L CPU supports multiple interrupts. If, during the processing of an interrupt, a second 
interrupt with a higher priority level occurs, control passes to the second interrupt on completion of the 
currently executing instruction. Control returns to the original interrupt processing when the higher 
priority interrupt completes. 


If an interrupt of the same or lower priority occurs during interrupt processing, the new interrupt request is 
held until the current interrupt completes processing (unless the ILM or I flag has been modified by an 


instruction). 


The extended intelligent I/O service does not support overlapping operation. Any interrupt or extended 
intelligent I/O service request that occurs during processing of the extended intelligent I/O service is held. 
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(8) Saved registers 


Figure 2.1.26 shows the order in which registers are saved on the stack. 


Register save by an interrupt 


<—______ Word (16-bit) —____________ | 


MSB 


LSB 


SSP ; 
(Value of SSP before the interrupt) 


SSP ; 
(Value of SSP after the interrupt) 


Fig. 2.1.26 Registers Saved on the Stack 


(9) Cautions 


For some internal resources, reading the control or data registers clears any interrupt request. Clearing an 


interrupt source by performing a read after generation of an interrupt request but before control has passed 
to the interrupt processing hardware causes misoperation. 


Therefore, when using internal resources for which interrupt requests are cleared by register read 
operations, do not perform register read operations when interrupts are generated. 
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@ Software interrupts 


(1) Overview 


The software interrupt function transfers control from the program currently executing in the CPU to a 
user-defined interrupt processing program on execution of a special instruction. Software interrupts are 
always activated by the execution of the software interrupt instruction. The CPU performs the following 
processing when a software interrupt occurs. 


¢ The A, DPR, ADB, DTB, PCB, PC, and PS registers in the CPU are saved on the system stack. 
¢ The I flag in the PS register is set to "0" to inhibit hardware interrupts. 


¢ Execution branches to the corresponding interrupt vector. 


Interrupt requests initiated by the software interrupt instruction (INT) do not have an interrupt request flag 
or interrupt enable flag. Executing the INT instruction always generates an interrupt request. 

The INT instruction does not have interrupt levels. Accordingly, the INT instruction does not modify ILM. 
Instead the instruction sets the I flag to "0" to hold any subsequent interrupt requests. 


(2) Configuration 


All software interrupt mechanisms are located in the CPU. The software interrupt instruction must be 
executed to use a software interrupt. 


As shown in Table 2.1.12, software and hardware interrupt vectors share the same area. For example, 
interrupt request number INT 11 is used by both hardware interrupt #0 and software interrupt INT #11. 
Therefore, hardware interrupt #0 and INT #11 call the same interrupt processing routine. 


(3) Operation 

On executing the software interrupt instruction, the CPU activates the software interrupt processing 
microcode. After saving the A, DPR, ADB, DTB, PCB, PC, and PS registers (12 bytes) to the memory 
area specified by SSB and SSP, the software interrupt processing microcode reads the 3-byte interrupt 
vector and loads the vector to PC and PCB, sets the I flag to "0" and the S flag to "1", then executes branch 
processing. As a result, the next executed instruction is the user-defined interrupt processing program. 


Figure 2.1.27 shows the flow of processing from the generation of a software interrupt until the interrupt 
request is completed by the interrupt processing program. 
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F2MC-16 PS: Processor status 
bus a PS, Poreel | fest ifs] || |; Interrupt enable flag 
Dj ILM: Interrupt level mask register 


IR: — Instruction register 


Microcode 
F2MC-16L * CPU 


Fig. 2.1.27 Steps from Generation to Release of a Software Interrupt 


(1) A software interrupt instruction is executed.0 
(2) The microcode for the software interrupt instruction saves the dedicated registers. 


(3) Interrupt processing completes on execution of the RETI instruction in the user interrupt 
processing routine. 


(4) Cautions 


When the program bank register (PCB) is FFH, the vector area for the CALLV instruction overlaps the 
table for the INT #vct8 instruction. Take note of the address overlap of the CALLV and INT #vct8 
instructions when developing software. 
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@ Extended intelligent I/O service (EI?OS) 

The EI?OS function automatically transfers data between I/O and memory. The function provides DMA- 
style I/O data handling and replaces I/O data handling by interrupt processing programs. The function has 
the following advantages over interrupt processing. 


¢ No data transfer program is required. This reduces total program size. 


¢ Data transfer does not use internal registers. This increases transfer speed because register saving is not 
required. 


¢ The I/O can stop data transfer as required. This eliminates unnecessary data transfer. 
¢ Incrementing or no-change of the buffer address can be selected. 


¢ Incrementing or no-change of the I/O register address can be selected. 


On completion, EI?OS sets the completion conditions then automatically branches to an interrupt 
processing routine. This allows the user to determine the completion conditions. 

To implement EI’OS, hardware is distributed between two locations. The blocks have the following 
registers and descriptors. 


¢ Interrupt control register Located in the interrupt controller. Specifies the 
ISD address. 


¢ Extended intelligent I/O service descriptor (ISD) Located in RAM. Holds the transfer mode, I/O 
address, transfer count, and buffer address. 


Figure 2.1.28 shows an overview of the extended intelligent I/O service. 


Memory 
space 
by IOA 
CPU 
(3) 
(3) 
Interrupt controller 

by BAP (1) The I/O requests a transfer. 


(2) The interrupt controller selects the descriptor. 
(3) Reads the transfer source and destination 

by DCT from the descriptor. 
(4) Executes transfer between I/O and memory. 
(5) Automatically clears the interrupt source. 


Fig. 2.1.28 Overview of the Extended Intelligent I/O Service 


Note: The area that can be specified by IOA is OOO000H to OOFFFFH. The area that can be specified by 
BAP is 000000H to FFFFFFH. The maximum transfer count that can be specified by DCT is 
65536. 
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@ Interrupt control registers (ICROO to 15) 
The interrupt control registers are located in the interrupt controller and are provided for each I/O that has 


an interrupt function. See 2.2.3 "Interrupt Vector Allocation" for details on interrupts and ICRs. The 


registers perform the following three functions. 


¢ Sets the interrupt level for the corresponding internal resource. 


¢ Selects whether the corresponding internal resource uses a standard interrupt or the extended intelligent 
I/O service. 
¢ Selects the extended intelligent I/O service channel. 


Do not access these registers using read-modify-write instructions as this can cause misoperation. 


Figure 2.1.29 shows the bit structure of the interrupt control registers. 


7 6 5 4 3 2 1 0 
ome [ose [rest | wns ts ysagzmre reer OF 
WwW WwW WwW Ww Ww Ww Ww Ww 


- 6 5 4 3 2 1 0 
When reading from an interrupt control register (ICR 
Pesidl hes 8Hy | E60 FISe Set fo XXO0O Its by areset. ee 
- - R R R R R R 


Note: ICS3 to 0 are only meaningful when EI?OS is active. 
Set ISE to "1" when using El?OS and set ISE to "0" when not using El?OS. 


Any values can be set to ICS3 to 0 if El2OS is not used. 


Fig. 2.1.29 Interrupt Control Registers (ICR) 
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[Bits 2 to 0] ILO, IL1, IL2: Interrupt level setting bits 


The interrupt level setting bits specify the interrupt level of the corresponding internal resource. The bits 
are readable and writable. The bits are initialized to level 7 (no interrupt) by a reset. Table 2.1.13 lists the 
relationship between the interrupt level setting bits and each interrupt level. 


Table 2.1.13 Correspondence Between Interrupt Level 
Setting Bits and Interrupt Levels 


IL2 IL1 ILO Level 

0 0 0 0 (Highest interrupt level) 
0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 (Lowest interrupt level) 
1 1 1 7 (No interrupt) 


[Bit 3] ISE: Extended intelligent I/O service enable bit 

The EI?OS enable bit. The processor activates EI??OS if ISE is "1" when an interrupt occurs. If the ISE bit 
is "0", the processor activates the interrupt sequence. The bit is readable and writable. The ISE bit changes 
to "0" when EI?OS completes (count completion or completion by the internal resource). If the internal 


resource does not have an EI*OS function, set the ISE bit to "0" by software. 


The ISE bit is initialized to "0" by a reset. 
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Table 2.1.14 Correspondence Between ICS, Channel Number, and Descriptor Address 
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[Bits 7 to 4] ICS3 to 0: Extended intelligent I/O service channel select bits 


The EI°?OS channel select bits specify the EI’?OS channel. The bits are write-only. The value set in ICS 
determines the address of the extended intelligent I/O service descriptor (ISD). ICS is initialized to "0000" 
by a reset. 


Table 2.1.14 lists the correspondence between ICS, the channel number, and the descriptor address. 


ICS3 IcS2 ICS1 ICSO Channel Descriptor Address 
0 0 0 0 0 000100H 
0 0 0 1 1 000108H 
0 0 1 0 2 000110H 
0 0 1 1 3 000118H 
0 1 0 0 4 000120H 
0 1 0 1 5 000128H 
0 1 1 0 6 000130H 
0 1 1 1 7 000138H 
1 0 0 0 8 000140H 
1 0 0 1 9 000148H 
1 0 1 0 10 000150H 
1 0 1 1 11 000158H 
1 1 0 0 12 000160H 
1 1 0 1 13 000168H 
1 1 1 0 14 000170H 
1 1 1 1 15 000178H 
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[Bits 5, 4] S1, SO: Extended intelligent I/O service status 


The extended intelligent I/O service status bits can be referenced to determine the operation status and 
completion status of E?OS. The bits are read-only. The bits are initialized to "00" by a reset. 


Table 2.1.15 lists the relationship between the S bits and EI?OS status. 


Table 2.1.15 S Bits and El?OS Status 
S1 So EI20S Status 


El?OS active or inactive 

Stopped due to count completion 

Reserved 

Stopped by request from the internal resource 


—+|/oO;-+| oO 


—/-|0O/] Oo 


Q) Extended intelligent I/O service descriptor (ISD) 


The extended intelligent I/O service descriptors are located in internal RAM between 000100H to 
00017FH. ISD consist of the following items. 


¢ Various control data for data transfer 
¢ Status data 


¢ Buffer address pointer 


Figure 2.1.30 shows the structure of the extended intelligent I/O service descriptor. 


Data counter (upper 8 bits) H 
Data counter (lower 8 bits) 
3I/O address pointer (upper 8 bits) 
I/O address pointer (lower 8 bits) 
El2OS status 
Buffer address pointer (upper 8 bits) 
Buffer address pointer (middle 8 bits) 
000100H+8xICS F 


ISD top address —————-» | _ Buffer address pointer (lower 8 bits) 


Fig. 2.1.30 Structure of the Extended Intelligent I/O Service Descriptor 
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O Data counter (DCT) 


A 16-bit register used as a counter for the number of data transferred. The counter is decremented by one 
before each data transfer. E?’OS completes when this counter reaches zero. Figure 2.1.31 shows the 


structure of the data counter. 


15 14 13 12 11 10 9 8 YY 6 5 4 3 2 1 0 


DCTH DCTL : DCT (undefined after a reset) 


Fig. 2.1.31 Data Counter Structure 


O I/O register address pointer (IOA) 


A 16-bit register that indicates the lower 16 bits (A15 to AO) of the address of the I/O register for data 
transfer to or from the buffer. The upper address (A23 to A16) is all zeros. This allows I/O to be specified 
anywhere between locations 0OOOO0OH and OOFFFFH. Figure 2.1.32 shows the structure of IOA. 


15 14 13 12 11 10 9 8 Y 6 5 4 3 2 1 0 


IOAH IOAL : IOA (undefined after a reset) 


Fig. 2.1.32 Structure of the I/O Register Address Pointer 
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O EPOS status register (ISCS) 
An 8-bit register that specifies whether the buffer address pointer and I/O register address pointer are 


updated or fixed, the transfer data length (byte or word), and the transfer direction. Figure 2.1.33 shows 
the structure of ISCS. 


fs 6 5 4 a 2 1 0 
| Re. | Re. | Re. | iF | Bw] BF | DIR | SE | : ISCS (indeterminate after a reset) 


Re.(Reserved) 


Fig. 2.1.33 ISCS Structure 


The meaning of each bit is as follows. 
[Bit 4] IF: Specifies whether the I/O register address pointer is updated or fixed. 
0 :Update the I/O register address pointer after data transfer. 
1:Do not update the I/O register address pointer after data transfer. 
Note :Only incrementing is available. 


[Bit 3] BW: Specifies the data transfer length 


0 :Byte 
1:Word 


[Bit 2] BF: Specifies whether the buffer address pointer is updated or fixed. 
0 :Update the buffer address pointer after data transfer. 
1 :Do not update the buffer address pointer after data transfer. 
Note:Updating changes only the lower 16 bits of the buffer address pointer. 
Only incrementing is available. 


[Bit 1] DIR: Specifies the data transfer direction. 


0 :I/O address pointer > Buffer address pointer 
1 :Buffer address pointer — I/O address pointer 


[Bit 0] SE: Controls completion of the extended intelligent I/O service by request from the internal 
resource. 


0 :Do not terminate on request from the internal resource. 
1:Terminate on request from the internal resource. 
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Q) Buffer address pointer (BAP) 

A 24-bit register that stores the address to use for the next EI?OS transfer. As a separate BAP is provided 
for each EI?OS channel, each EI?OS channel can perform data transfer to any location in the 16MB 
memory space. If updating is specified by the BF bit in ISCS, the lower 16 bits only of BAP are updated 
and BAPH does not change. 


Figure 2.1.34 shows the structure of BAP. 


23 22 21 2019 18 17 16 15 14131211109 8 76543 21 0 


BAPH BAPM BAPL : BAP (undefined after a reset) 


(R/W) (R/W) (R/W) 


Fig. 2.1.34 Structure of the Buffer Address Pointer 


Figure 2.1.35 shows the operation flow of E?OS. Figure 2.1.36 shows the procedure for using EI?OS. 
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‘BAP: Buffer address pointer + 
‘OA: I/O address pointer ' 
“ISD: EI?OS descriptor ' 
'ISCS: EI?OS status ' 


‘DCT: Datacounter 
Interrupt request generated 'ISE: _ El2OS enable bit 
py inemallipeeuee:  S1,S0: EOS completion status 


NO 


ISD/ISCS read 


Completion request from YES 
resource 
— << Set 


Data specified by IOA Data specified by BAP 
a (Data transfer) a (Data transfer) 


Memory specified by BAP Memory specified by lOA 


Update value is 
determined by BW. Update IOA. 


Update value is 
determined by BW. Update BAP. 
Decrement DCT. (-1) 


NO Set "01" to S1 and SO. Set "11" to S1 and SO. 


Set "00" to S1 and SO. 


Clear resource interrupt 
request. 


Return to 
CPU operation. 


Clear ISE to "0". 


Interrupt sequence 


Fig. 2.1.35 El2OS Operation Flow 
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Software processing Hardware processing 


Start internal resource operation. 
Set the interrupt enable bit. 


Set ILM and | in the PS register. 


Initialization 


$1, SO='00’ 


(Interrupt request) and (ISE=1) 


Data transfer 


Determine whether to branch 
to interrupt on count-out or 
on acompletion request from 
the resource. 


Execute user program. 


(Branch to interrupt vector.) . 


S1, SO=0T or 
S1, SO="11" 


Reset the extended intelligent 
_ 1/0 service. 
(Switch channels, etc.) 


Process data in buffer. 


Fig. 2.1.36 Procedure for Using El20S 


52 Chapter 2: Hardware 


2.1. CPU 


@ Exception processing 
The F*MC-16L generates exceptions in the following cases and performs exception processing. 


(1) Execution of an undefined instruction 


In principle, exception processing is the same as interrupt processing. When an exception is detected at an 
instruction boundary, control passes from standard processing to exception processing. In general, as 
exception processing occurs as a result of an unexpected operation, it is recommended that exception 
processing only be used for purposes such as debugging or to activate emergency recovery software. 


Q) Generation of an exception by execution of an undefined instruction 


The F*7MC-16L treats all codes not defined in the instruction map as undefined instructions. Executing an 
undefined instruction triggers the same processing as executing the software interrupt instruction "INT 
10". That is, AL, AH, DPR, DTB, ADB, PCB, PC, and PS are saved on the system stack, the I flag is set to 
"0" and the S flag to "1", and execution branches to the program specified by the vector for interrupt 10. 
The value of PC saved on the stack contains the address of the undefined instruction. For instruction codes 
of 2 bytes or more, the PC value on the stack contains the address of the code that was recognized as 
undefined. Therefore, although returning by the RETI instruction is possible, this is meaningless as it only 
triggers another exception. 
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2.1.5 Standby Control Register Access 


The device is set to the low power modes (stop mode or sleep mode) by writing to the low power mode 
control register. In this case, use one of the instructions listed in Table 2.1.16. Correct operation cannot be 
guaranteed if you change to a low power mode using an instruction other than the instructions listed in 
Table 2.1.16. However, any instruction can be used on the low power mode control register when 
controlling functions other than changing to a low power mode. 


Always write to an even-numbered address when performing a word-length write to the low power mode 


control register. Changing to a low power mode by writing to an odd-numbered address may cause 
misoperation. 


Table 2.1.16 Instructions to Use When Changing to a Low Power Mode 


MOV io,#imm8 MOV dir,#imm8 MOV eam,#imm8s MOV eam,Ri 
MOV io,A MOV dir,A MOV adadr16,A MOV eam,A 
MOV @RLi+disp8,A MOVP addr24,A 

MOVW io,#imm16 MOVW dir,#imm16 MOVW eam,#imm16 MOVW eam,RWi 
MOVW io,A MOVW dir,A MOVW adar16,A MOVW eam,A 
MOVW @RLi+disp8,A MOVPW addr24,A 

SETB io:bp SETB dir:bp SETB adadr16:bp 
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2.2 Map 


This section describes the allocation of memory space, I/O space, and interrupt numbers in the 
MB90610A. 


2.2.1 Memory Space for Each Mode 
Figure 2.2.1 shows the MB90610A memory space. Only external ROM/external bus mode is available. 


External ROM/External bus 
FFFFFFH 


F : Internal 
002000H [| : External 
Address #1 = Siigdeeaes 


000100H 
0000C0H 


000000H 


MB90611A 000500H 
MB90V610A 001100H 


Fig. 2.2.1 Memory Space Allocation for Each MB90610A Mode 


Note: When output of the upper address (A23 to A16) is disabled, the MB90610A series can only access 
a maximum of 64KB. 
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2.2.2 1/0 Map 
The following shows the MB90610A I/O map. 


Table 2.2.2 MB90610A I/O Map (1) 


Address Register Abbreviation Access rae Initial Value 

000000H Free Note 3 

000001H Port 1 data register PDR1 R/W* Port 1 Note 8 XXXXXXXX 
000002H Port 2 data register PDR2 R/W* Port 2 Note 7 XXXXXXXX 
000003H Port 3 data register PDR3 R/W* Port 3 Note 7 XXXXXXXX 
000004H Port 4 data register PDR4 R/W Port 4 XXXXXXXX 
000005xH Port 5 data register PDR5 R/W Port 5 —-XXXXXX 
000006H Port 6 data register PDR6 R/W Port 6 11111111 
000007H Port 7 data register PDR7 R/W Port 7 -XXXXXXX 
000008H Port 8 data register PDR8 R/W Port 8 —XXXXXXX 
000009H Port 9 data register PDR9Y R/W Port 9 —-XXXXXX 
OO000AH Port A data register PDRA R/W Port A XXXXXXX- 
asonne 19 Free Note 3 

000011H Port 1 direction register DDR1 R/W* Port 1 Note 8 00000000 
000012H Port 2 direction register DDR2 R/W* Port 2 Note 7 00000000 
000013H Port 3 direction register DDR3 R/W* Port 3 Note 7 00000000 
000014H Port 4 direction register DDR4 R/W Port 4 00000000 
000015H Port 5 direction register DDR5 R/W Port 5 --000000 
000016H Analog input enable register ADER R/W Port 6 11111111 
000017H Port 7 direction register DDR7 R/W Port 7 -0000000 
000018H Port 8 direction register DDR8 R/W Port 8 -0000000 
000019 Port 9 direction register DDR9 R/W Port 9 --000000 
00001 AH Port A direction register DDRA R/W Port A 0000000- 
th a 9 Free Note 3 

000020H Mode register 0 SMRO R/W! 00000000 
000021H Control register 0 SCRO R/W! 00000100 
000022H pape ey ad foul SIDRO/SODRO | R/W ie a ese 
000023H Status register 0 SSRO R/W! 00001-00 
000024H Mode register 1 SMR1 R/W! 00000000 
000025H Control register 1 SCR1 R/W! 00000100 
0000261 eran uuipat SIDR1/SODR1_ | R/W TS TEROUE Il aig 
000027H Status register 1 SSR1 R/W! 00001-00 
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2.2 Map 
Table 2.2.2 MB90610A I/O Map (2) 
Address Register Abbreviation Access ae Initial Value 
000028H Interrupt/DTP enable register ENIR R/W 00000000 
000029H Interrupt/DTP source register EIRR R/W DTP/External 00000000 
00002AH interrupt 00000000 
Interrupt level setting register ELVR R/W 

00002BH 00000000 

00002CH : 00000000 
AD control status register ADCS R/W! 

00002DH 00000000 

A/D converter 

00002EH XXXXXXXX 
AD data register ADCR R/W! Note 4 

00002FH 000000XX 

0000301 pee operalianmedeicomtel. ‘|epaee RW PPGO 000000-1 
register 

0000311 Peomepe allonmode camel” | aeacs RW PPGI 000000-1 
register 

000032 to 

000033x Free Note 3 

000034H XXXXXXXX 
PPGO reload register PRLO R/W PPGO 

000035H XXXXXXXX 

000036H XXXXXXXX 
PPG1 reload register PRL1 R/W PPG1 

000037H XXXXXXXX 

000038H ¢ 00000000 
Control status register TMCSRO R/W! 

000039x 16-bit reload ----0000 

00003AH -bit ti i -bi timer 0 XXXXXXXX 
16 bit timer register/16-bit reload TMRO/TMRLRO | R/W 

00003BH register XXXXXXXX 

00003CH : 00000000 
Control status register TMCSR1 R/W! 

00003DxH 16-bit reload ----0000 

00003EH bit ti i -bi timer 1 XXXXXXXX 
16 bit timer register/16-bit reload TMR1/TMRLR1 | R/W 

00003FH register XXXXXXXX 

000040h to 

0000431 Free Note 3 

000044H Mode register 2 SMR2 R/W! 00000000 

000045xH Control register 2 SCR2 R/W! 00000100 

i UART2 (SCI 

0000461 Input data register 2OUIpUt data: | SIN Aa/SODRE: “| ‘AAW er eae ee 
register 2 

000047H Status register 2 SSR2 R/W! 00001-00 

000048H CS control register 0 CSCRO R/W ----0000 

000049H CS control register 1 CSCR1 R/W ----0000 

00004AH CS control register 2 CSCR2 R/W ----0000 

00004BuH CS control register 3 CSCR3 R/W Chip select ----0000 

00004CH CS control register 4 CSCR4 R/W function ----0000 

00004DH CS control register 5 CSCR5 R/W ----0000 

00004ExH CS control register 6 CSCR6 R/W ----0000 

00004FH CS control register 7 CSCR7 R/W ----0000 
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Table 2.2.2 MB90610A I/O Map (3) 


Address Register Abbreviation Access eee Initial Value 
000050H Free Note 3 
0000511 PAD cS) machitie cides CDCRO Ww UARTO (SCI) | ----1111 
divide-by-n control register 
000052H Free Note 3 
0000531 DART toGl mackie clock CDCRI Ww UART1 (SCI) | ----1111 
divide-by-n control register 
000054H Free Note 3 
000055x Dene (SC) machine clock CDCR2 Ww WART2(6Ch: | <seat0 7% 
divide-by-n control register 
000056: to 
00008FH Free Note 3 
000090 to 
00009Ex Reserved system area Note 1 
Delay 
00009FH Delay interrupt generate/ DIRR RW interrupt Sta a 6 
release register generation 
module 
0000A0H Pow powelmede conte LPMCR RM! pow Bowel 00011000 
register consumption 
0000A1H Clock selection register CKSCR R/W! Low rapid 11111100 
consumption 
0000A2i to 
0000A4H Free Note 3 
0000A5H AUIO ready TnchOMmerincuone. Wace W External pins | 0011--00 
register 
0000A6H Exel fal adaress Capuron ot I uAeE Ww Externalpins | 00000000 
register 
0000A7H Bus comer signal selection ECSR W External pins | -00*0000 
register 
: : Watchdog 
O0000A8H Watchdog timer control register | WDTC RW! ier XXXXX111 
0000A9H Timebase timer control register | TBTC RW! ee 1--00100 
OO000AAu to 
O000AEH Free Note 3 
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Table 2.2.2 MB90610A I/O Map (4) 


Address Register Abbreviation Access rite Initial Value 
0000B0H Interrupt control register 00 ICROO R/W! 00000111 
0000B1H Interrupt control register 01 ICRO1 R/W! 00000111 
0000B2H Interrupt control register 02 ICRO2 R/W! 00000111 
0000B3H Interrupt control register 03 ICRO3 RW! 00000111 
0000B4H Interrupt control register 04 ICRO4 R/W! 00000111 
0000B5xH Interrupt control register 05 ICRO5 R/W! 00000111 
OOOOB6H Interrupt control register 06 ICRO6 R/W! 00000111 
0000B7H Interrupt control register 07 ICRO7 R/W! 00000111 
0000B8H Interrupt control register 08 ICRO8 R/W! Interrupt 00000111 
0000B9H Interrupt control register 09 ICRO9 RW! controller 00000111 
OOOOBAH Interrupt control register 10 ICR10 R/W! 00000111 
OOOO0BBuH Interrupt control register 11 ICR11 R/W! 00000111 
0000BCH Interrupt control register 12 ICR12 R/W! 00000111 
OOOOBDH Interrupt control register 13 ICR13 R/W! 00000111 
OOOOBEH Interrupt control register 14 ICR14 RW! 00000111 
OOOOBFH Interrupt control register 15 ICR15 R/W! 00000111 
0000CO0 to 
O0000EFx External area Note 2 

Note 1: Access prohibited. 

Note 2: This is the only external access area in the area below address OOOOFFH. Access this address as 
an external I/O area. 

Note 3: Areas marked as "free" in the I/O map are reserved areas. These areas are accessed by internal 
access. No access signals are output on the external bus. 

Note 4: = Only bit 15 can be written. The other bits are written to by the test function. Reading bits 10 
to15 returns zeros. 

Note 5: The R/W! symbol in the access column indicates that some bits are read-only or write-only. See 
the resource's register list for details. 

Note 6: Using a read-modify-write instruction (such as the bit set instruction) to access one of the 
registers indicated by R/W!, R/W*, or W in the access column sets the specified bit to the 
desired value. However, this can cause misoperation if the other register bits include write-only 
bits. Therefore, do not use read-modify-write instructions to access these registers. 

Note 7: This register is only available when the address/data bus is in multiplex mode. Access to the 
register is prohibited in non-multiplex mode. 

Note 8: This register is only available when the external data bus is in 8-bit mode. Access to the register 


is prohibited in 16-bit mode. 


Initial values 
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The initial value for this bit is zero. 

The initial value for this bit is one. 

The initial value for this bit is one or zero. (Determined by the level of the MDO to 2 pins.) 
The initial value for this bit is indeterminate. 

This bit is not used. The initial value is indeterminate. 


_ Ke mS 


Note: The initial values listed for write-only bits are the initial values set by a reset. They are not the 
values returned by a read. 


Also, LPMCR, CKSCR, and WDTC are sometimes initialized and sometimes not initialized, 
depending on the reset type. The listed initial values are for when these registers are initialized. 
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2.2.3 Interrupt Vector Allocation 


The following shows the interrupt vector allocation in the MB90610A. 


Table 2.2.3 MB90610A Interrupt Vector Allocation 


ros Interrupt vector Interrupt Control 


Interrupt Support Register 
Number Address ICR Address 
Reset #08 08H FFFFDCH - - 
INT 9 instruction #09 09H FFFFD8H - - 
Exception #10 OAH FFFFD4H - - 
External interrupt #0 #11 OBH FFFFDOH ICROO OO00BOH 
External interrupt #1 #13 ODH FFFFC8H ICRO1 0000B1H 
External interrupt #2 #15 OFH FFFFCOH ICRO2 0000B2H 
External interrupt #3 #17 11H FFFFB8H ICRO3 0000B3H 
External interrupt #4 #19 13H FFFFBOH ICRO4 0000B4H 
External interrupt #5 #21 15H FFFFA8H ICRO5 0000B5H 


External interrupt #6 #23 17H FFFFAQOH 
ICRO6 OOOOB6H 

UARTO transmit complete #24 18H FFFF9CH 

External interrupt #7 #25 19H FFFF98H 
ICRO7 0000B7H 

UART1 transmit complete #26 1AH FFFF94H 

PPG #0 #27 1BH FFFF9OH 
ICRO8 O0000B8H 

PPG #1 #28 1CH FFFF8CH 


16-bit reload timer #0 
16-bit reload timer #1 
A/DC measurement complete 


#29 |1DH | FFFF88H 
#30 | 1EH FFFF84H 
#31 | 1FH FFFF80H ICR10 | OOOOBAH 
#33 | 21H FFFF78H 


ICRO9 O000B9H 


UART2 transmit complete 
ICR11 OOOOBBH 


©|x|O}O}; OO; 0} x] x}O;}O} 0} 0} 0}; 0} O} O} O} O] x} x] x 


Timebase timer interval interrupt #34 22H FFFF74H 

UART2 receive complete #35 23H FFFF70H ICR12 0000BCH 
UART1 receive complete #37 25H FFFF68H ICR13 0O00BDH 
UARTO receive complete #39 27H FFFF60H ICR14 OOOOBEH 
Delay interrupt generation module x #42 2AH FFFF54H ICR15 OOOOBFH 


Note: O indicates I?OS support (no stop request), © indicates I?OS support (with stop request), and x 
indicates no OS support. Do not set POS activation in ICRXX for resources that do not 
support I?OS. 
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2.2.4 Clock Supply Map 


Peripheral clock Output enable 


Clock input PPG:ch0O Timer output 
Borrow output Reload input 


Peripheral clock PPG:ch1 — outpu 
Clock input Time 


Peripheral clock . 
Reload timer:chO ate 


Event input e 


Periphera 


ock 
Reload timer:ch1 Output enab' 
Event inpu imer ou 


Periphera Timer input 


UART:ch0 


External cl 


Periphera Timer input 


UART:ch1 


External c 


Periphera Timer input 


UART:ch2 


External c 


Periphera Trigger input 
A/D converter 


Timebase timer 
Timebase timer output (divide by 512) 


Peripheral clock output (Divide by 2) xo 
Peripheral clock 


selection circuit Main oscillator circuit 


PLL circuit 


Fig. 2.2.2 Clock Supply Map 
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2.3 Parallel Ports 


The MB90610A has 58 I/O pins, 18 output pins, and 8 open drain output pins. 


Ports 1 to 5 and ports 7 to A are I/O ports. The ports are inputs when the corresponding direction register 
bit is "0" and outputs when the corresponding bit is "1". 


Port 1 is only available when the external data bus is in 8-bit mode. Access is prohibited in 16-bit mode. 
Ports 2 and 3 are only available when the address/data bus is in multiplex mode. Access is prohibited in 


non-multiplex mode. 


Port 6 is an open drain port. Port 6 can only be used as a port when the analog input enable register is "0". 


2.3.1 Registers 


Port data registers 


Address: PDRt 9000011 —s — — — 11 TS 9 8 of Bit No. 


PDR7 000007H -- PDRx 
PDR9 000009H 
Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Initial value <> — (X) (X) (X) (X) (X) (X) (X) (X) 
Port data registers 
— —, a —, a a — 0 © Bit No. 


Address: airy 000002H 
PDR 


PDR8 000008H 4 ; 
Read/write > (RW) (RAW) (RW) (RAW) (RAW) (RW) (RM) 
Initial value ve x « ow &® &® & © 


Note: No register bits are provided for bits 6 and 7 of port 5. 
No register bit is provided for bit 7 of port 7. 
No register bit is provided for bit 7 of port 8. 
No register bits are provided for bits 6 and 7 of port 9. 
No register bit is provided for bit 0 of port A. 


Port direction registers 


Address: DDR1 000011H 15 14 13 12 11 10 9 8 cs Bit No. 
DDR3 0 


DDR7 00001 7H DDx0 
DDR9 000019H 


Read/write > (R/W) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value <> (0) (0) (0) (0) (0) (0) (0) (0) 


Port direction registers 


nates: BDH BTaY 
H rece 
DDR8 000018 
Read/write > — (R/W) (RW) (RM) (RAW) (RW) (RW) (RM) (RM) 
Initial value © (0) (0) (0) (0) (©) (©) (0) ~ § (0) 
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Note: No register bits are provided for bits 6 and 7 of port 5. 
No register bit is provided for bit 7 of port 7. 
No register bit is provided for bit 7 of port 8. 
No register bits are provided for bits 6 and 7 of port 9. 
No register bit is provided for bit 0 of port A. 
Port 6 does not have a DDR. 


Analog input enable register 15 14 13 12 11 10 9 8 © Bit No. 
ADER 000016H | ADE7 | ADE6 |PADE5| ADE4 | ADE3 | ADE2 | ADE1 | ADEO ADER 
Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (R/W) 
Initial value > = (1) (1) (1) (1) (1) (1) (1) (1) 


2.3.2 Block Diagram 
@ 1/O ports 


Internal data bus 


Data register read 
Data register write 
Direction register write 


Direction register read 


Fig. 2.3.1 I/O Port Block Diagram 


@ Open drain port (Also used as analog inputs) 


Internal data bus 
RMW ; : 
(Read-modify-write 
type instruction) 


Fig. 2.3.2 Open Drain Port Block Diagram 


64 Chapter 2: Hardware 


2.3 Parallel Ports 


2.3.3 Register Details 
(1) PDR1, 2, 3, 4, 5, 7, 8, 9, A (Port data registers) 
H Register layout 


Port data registers 
Address: PDR1 000001H 
PDR3 0! 


PDR7 000007 PD al PD ae aia rae PD ao oe PDx1 | PD: 

EH, 9B 0R 
Read/write = (R/W) (RW) (RW) (RW) (RW) (RAW 
Initial value <> (X) (X)—s (X)—~—s(X)—S:—«C(XY”~CS™*~*«é«QXYS; : (X) 


a 
Zz 


Port data registers 
Address: ter 000002H 


PDRA 00000AH 


Read/write © (RWW) (RAW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value <> (xy) (xX) ( (& (&) & &®~ & 


Note: No register bits are provided for bits 6 and 7 of port 5. 
No register bit is provided for bit 7 of port 7. 
No register bit is provided for bit 7 of port 8. 
No register bits are provided for bits 6 and 7 of port 9. 
No register bit is provided for bit 0 of port A. 


Port 1 is only available when the external data bus is in 8-bit mode. Access is prohibited in 16-bit 
mode. 


Ports 2 and 3 are only available in multiplex mode. Access is prohibited in non-multiplex mode. 


@ Register contents 


When the pins on ports other than port 6 are not set as output pins for their respective peripherals, each pin 
can be individually specified as either an input or an output by setting the direction register. When 
specified as inputs, reading the data register reads the levels applied to the pins. When specified as outputs, 
reading the data register reads the data register latch value. The same applies when reading as part of a 
read-modify-write. 


When used as control outputs, reading the data register reads the control output value, irrespective of the 
direction register value. 
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Note: Accessing these registers using a read-modify-write instruction (bit setting and similar 


instructions) sets the specified bit to the desired value. However, if the other register bits include 
bits set as inputs, the output register values for these bits are overwritten with the current input 
values at the pins. Therefore, when switching a pin from input to output, write the desired value to 
the PDR before setting the bit as an output in the DDR. 


Note: Reading and writing to I/O ports differs from reading and writing to memory as follows. 


> Input mode 
Reading: The read value is the level at the corresponding pin. 
Writing: The write data is stored in the output latch. The data is not output to the pin. 


> Output mode 
Reading: The read value is the value stored in the PDR. 
Writing: The write data is stored in the output latch and output to the pin. 


Note: Note that the R/W operation for port 6 differs from other ports. 


Port 6 (P67 to P60) is a general-purpose I/O port with open drain outputs. The port shares pins 
with the analog inputs. Always set the corresponding ADER bit to "0" when using as a general- 
purpose port. When using port 6 as an input port, set the output data register value to "1" to turn 
off the open drain output transistor and provide a pull-up resistor to the external pin. Use one of 
the following two operations for reading, depending on the instruction used. 


> Reading using a read-modify-write type instruction 
Reads the contents of the output data register. Bits not specified by the instruction do not 
change, even if the pin is forcibly driven to "0" from outside the device. 


> Reading using other instructions 
Reads the pin level. 


When used as an output port, writing the desired value to the corresponding output data register 
changes the pin value. 


Reading always returns "0" for pins for which the corresponding bit in the analog input enable 
register is set to "1". 
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(2) DDR1, 2, 3, 4, 5, 7, 8, 9, A (Port direction registers) 
H@ Register layout 


Port direction registers 
Address: DDR1 000011H 
DDR3 


DDR5 000015x BEE - bor 
REGIE [ [eos [oo [oon [ooa [ao [oon [aoa Ft oon 
DDR9 000019H Semis 

) 


—s — —s —s TS —s 9 8 © Bit No. 


Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 
Initial value o> (0) (0) (0) (0) (0) (0) (0) (0) 
Port direction registers 7 6 5 4 3 2 1 0 © Bit No. 
Address: DDR2 000012 Peten 
DDR 9000145 eee rn eee ra eed ed Be 
BBs $8bis p__ [Dd [oo Loos [oo [oo [oo [oon [oo f=! oon 
Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)  (R/W)_(R/W) 
Initial value o> (0) (0) (0) (0) (0) (0) (0) (0) 


Note: No register bits are provided for bits 6 and 7 of port 5. 
No register bit is provided for bit 7 of port 7. 
No register bit is provided for bit 7 of port 8. 
No register bit is provided for bit 0 of port A. 
No register bits are provided for bits 6 and 7 of port 9. 
Port 6 does not have a DDR. 


Port 1 is only available when the external data bus is in 8-bit mode. Access is prohibited in 16-bit 
mode. 


Ports 2 and 3 are only available in multiplex mode. Access is prohibited in non-multiplex mode. 
@ Register contents 
When pins are used as ports, the register bits control the corresponding pins as follows. 


0: Input mode 
1: Output mode 


Bits are set to "0" by a reset. 


(3) ADER (Analog input enable register) 


Analog input enable register 14 11 e Bit No. 


ADER 000016H | ADE7 | ADE6 |PADE5| ADE4 | ADE3 | ADE2 | ADE1 | ADEO ADER 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (RW) 
Initial value <> (1) (1) (1) (1) (1) (1) (1) (1) 


@ Register contents 
Controls each pin of port 6 as follows. 


0: Port input mode 
1: Analog input mode 
Bits are set to "1" by a reset. 


Note: Inputting an intermediate level signal in port input mode causes a leak current to flow. Therefore, 
set to analog input mode when applying an analog input. 
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2.3.4 Port Pin Allocation 


Ports 1, 4, and 5 on the MB90610A series share pins with the external bus. The bus mode and register 
settings select the pin functions. Table 2.3.1 lists the port pin allocation for each mode. 


Table 2.3.1 Port Pin Allocation for Each Mode 


Function 
Non-Multiplex mode Multiplex mode 
: External Address Control External Address Control 
a Enable (Address) Disable (Port) Enable (Address) Disable (Port) 
External Bus Width External Bus Width External Bus Width External Bus Width 
8-bit 16-bit 8-bit 16-bit 8-bit 16-bit 8-bit 16-bit 
ADOT ee epee. | Domoboe ADO7 to ADOO 
Dou ABIE ae D15 to a D15 to A15 to fae ee AD15 to 
ADO8PortD15 to DO8 D08 A08 ADO08 
DO8 
re oO TS | 07 to A00 A07 to A00 
Port 
ae oe | A185 to A08 A15 to A08 
Sate | Rea IAT Port A23 to A16 Port 
ALE ALE ALE 
RDX RDX RDX 
P55/WRLX WRLX WRLX 
P54/WRHX Port WRHX Port WRHX Port WRHX Port WRHX 
P53/HRQ HRQ HRQ 
P52/HAKX HAKX HAKX 
P51/RDY RDY RDY 
P50/CLK CLK CLK 


Note: The upper address, WRLX, WRHX, HAKX, HRQ, RDY, and CLK can be set for use as ports 
by function selection. 
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2.4 UART 0/1/2 (SCI) 


UART 0, 1, and 2 are serial I/O ports that can be used for CLK asynchronous (start-stop synchronization) 
or CLK synchronous (I/O expansion serial) data transfer. The ports have the following features. 


¢ Full duplex, double buffered 


¢ Supports CLK asynchronous (start-stop synchronization) and CLK synchronous (I/O expansion serial) 
data transfer 


¢ Multiprocessor mode 

¢ Internal dedicated baud rate generator 
CLK asynchronous: 62500/31250/19230/9615/4808/2404/1202 bps 
CLK synchronous: = 2M/1M/500K/250K bps 

¢ Supports flexible baud rate setting using an external clock 

¢ Error detect function (parity, framing, and overrun) 

¢ NRZ type transfer signal 


* Intelligent I/O service support 


2.4.1 Registers 


Serial mode register 


Address: oe 000020H ~~~ 
1 000024H 
che 000044H 


Read/write => (R/W) (R/W) (W) (W) (W) 
Initial value > (0) (0) (0) (0) (0) 


Serial control register 4 7 4 sy oy 1 10 9 8 © Bit No. 


Address: ae 000021H 
1 000025H 
che 000045H 
Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) 

Initial value > (0) (0) (0) (0) (0) (0) ( ( 


Input data register/ : 
Output data register nop aetss 6 5 4 3 2 1 0 < Bit No. 


Address: ch 000022H ° - — 
1 000026H 

che 000046 

Read/write <> (R/W) (RW) (RAW) (RW) (RW) (RW) (RW) (RW) 

Iniialvaue >  ®M !)—UMM!M.hUM.UMM.CUMM)CMYCSC 


SIDR (read) 
SODR (write) 


Serial status register — — —. 12 — 1 10 9 8 © Bit No. 


Address: ltt 000023H 
1 000027H 

che 000047H 
Read/write =>  (R) (R) (R) ( ( (-) 

Initial value > — (0) (0) (0) (0) (1) (-) 


Machine clock divide-by-n , 
control register a —s — —s 12 — — 9 8 © Bit No. 


Address: ore 000051H - = 
--- CDCR 
2 Se Eaisiesies one [ova [ oi [owe E> 
Read/write => : (-) (-) (-) (W) (W) W) (W) 
Initial value => 5 (-) (-) (-) (1) (1 


= 
= 
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2.4.2 Block Diagram 


Control signal wand 
Receive interrupt (to CPU) 


Dedicated baud 


rate generator SCK 


__ Reload timer 0 Clock select Transmit clock 
(internally connected) circuit 


O—> 


Transmit interrupt (to CPU) 


Receive control Transmit control 
circuit circuit 


Transmit start circuit 


Transmit bit counter 


Receive parity Transmit parity 
counter counter 


Paice Wrinator: Receive shifter Transmit shifter 


Receive Transmit 
complete start 


Receive error 
indication signal 
for EIF7OS (to CPU) 


F2MC-16LBUS 


SMR SCR SSR 
register register register 


Control signal 


Fig. 2.4.1 Overall Block Diagram 
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2.4.3 Register Details 
(1) SMR (Serial mode register) 


Serial mode register — > > 4 3 sy 1 0 © Bit No. 


Address: ng 000020H ~~~ 
1 000024H 

che 000044H .- J 
Read/write © (R/W) (RW) (W) (W) (W) (-) 

Initial value o> (0) (0) (0) (0) (0) (-) 


Note 1: SMR specifies the operation mode of the UART. Set the operation mode while operation is 
halted. Do not write to this register during UART operation. 


Note 2: Do not use read-modify-write instructions to access the register as this can cause misoperation. 


[Bits 7,6] MD1, MDO (MoDe select): 
Tese bits select the UART operation mode. 


Table 2.4.1 Operation Mode Selection 


Mode MD1 MDO Operation Mode 
0 0 0 CLK asynchronous (start-stop synchronization) Normal mode 
1 0 1 CLK asynchronous (start-stop synchronization) Multiprocessor mode 
2 1 0 CLK synchronous mode 
- 1 1 Prohibited setting 


Note: The CLK asynchronous mode, mode 1 (multiprocessor), is used when a number of slave CPUs 
are connected to a single host CPU. As the UART resource cannot determine the data format of 
the received data, "master" multiprocessor mode only is supported. 


Also, as the parity check function cannot be used, set the PEN bit of the SCR register to "0". 


[Bits 5, 4, 3] CS2, CS1, CSO (Clock Select): 
Selects the baud rate clock source. When the dedicated baud rate generator is selected, this also selects the 
baud rate. 


Table 2.4.2 Clock Input Selection 


CS2 to CSO Clock Input 

0008 to 1008 Dedicated baud rate generator 
101B Reserved 
1108 Internal timer 
111B External clock 


Note: The MB90610A series has two 16-bit timers. Selecting the internal timer selects timer 0. 
CS2, CS1, and CSO are write-only. Reading always returns "1". 


[Bit 2] Free: 


Accessing this bit is prohibited. 
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[Bit 1] SCKE (SCLK enable): 


Specifies whether to use the SCKO pin as the clock input pin or clock output pin for CLK synchronous 
mode (mode 2). 


Set to zero in CLK asynchronous mode or external clock mode. 
0: Operate as the clock input pin. 
1: Operate as the clock output pin. 


Note: When using this pin as the clock input pin, external clock source operation must be selected. 
[Bit 0] SOE (Serial output enable): 


The external pin (SOT) can also be used as a general-purpose I/O port. This bit specifies whether to use 
the pin as the serial output pin or I/O port pin. 

0: Operate as a general-purpose I/O port pin. 

1: Operate as a serial data output pin (SOT). 


(2) SCR (Serial control register) 


Serial control register 15 14 13 12 11 10 9 8 © Bit No. 
00025H PEN SBL CL A/D REC RXE TXE - eins 
chi googeen | PEN | P| seu | cu | Ap | Rec | Axe | TxE P= 
Read/write > (R/W) (RW) (RW) (RW) (RW) (RW) (RAW) (RW) 
Initial value <> (0) (0) (0) (0) (0) (0) (0) (0) 


Address: chO 000021H 
chi 0 SCR 


SCR controls the transmission protocol for serial communications. 
[Bit 15] PEN (Parity Enable): 


Specifies whether to add a parity bit in serial data I/O. 
0: Do not use parity. 
1: Use parity. 


Note: Parity can only be used in the normal mode (mode 0) of CLK asynchronous (start-stop 
synchronization) data transfer. Parity cannot be used in multiprocessor mode (mode 1) and 
CLK synchronous data transfer mode (mode 2). 


[Bit 14] P (Parity): 
Specifies even or odd parity when parity is selected for data transfer. 
0: Even parity 
1: Odd parity 
[Bit 13] SBL (Stop Bit Length): 
Specifies the number of stop bits. The stop bits are the frame end mark for CLK asynchronous (start-stop 
synchronization) data transfer. 


0: 1 stop bit 
1: 2 stop bits 
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[Bit 12] CL (Character Length): 


Specifies the number of data bits in a transmit or receive frame. 
0: 7-bit data 
1: 8-bit data 


Note: Using 7 data bits is only available in the normal mode (mode 0) of CLK asynchronous (start-stop 
synchronization) data transfer. Use 8 data bits for multiprocessor mode (mode 1) and CLK 
synchronous data transfer mode (mode 2). 


[Bit 11] A/D (Address/Data): 
Specifies the data format for transmit and receive frames in multiprocessor mode (mode 1) of CLK 
asynchronous (start-stop synchronization) data transfer. 
0: Data frame 
1: Address frame 
[Bit 10] REC (Receiver Error Clear): 
Writing "0" clears the SSR register error flags (PE, ORE, and FRE). 


Writing "1" has no effect. Reading always returns '1". 


Note: When the UART is operating and receive interrupts enabled, only write "0" to REC when one 
of PE, ORE, or FRE is "1". 


[Bit 9] RXE (Receiver Enable): 


Controls the UART receive operation. 
0: Disable receive operation. 
1: Enable receive operation. 


Note: If reception is disabled during a receive (when data is being input to the receive shift register), 
the receive operation halts after reception of the frame has completed and the data is stored in 
the receive data buffer register (SIDR). 


[Bit 8] TXE (Transmitter Enable): 
Controls the UART transmit operation. 
0: Disable transmit operation. 
1: Enable transmit operation. 
Note: If transmission is disabled during a transmit (when data is being output from the transmit 


register), the transmit operation halts after the transmit data buffer register (SODR) becomes 
empty. 
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(3) SIDR (Input data register) and SODR (Output data register) 


Input data register/Output data register — = —— 4 3 2 1 0 © Bit No. 
Address: ay 000022H --~ SIDR (read) 
1 000026H 
che 000046H SODR (write) 
Read/write => (RW) (R/W) (R/W) (RW) (R/W) (RW) (R/W) 
Initial value <> (X) (X) (X) (X) (X) (X) (X) “%). 


These registers are the receive and transmit data buffers. 


The most significant bit (D7) is ignored if the data length is 7 bits. Only write to the SODR register when 
TDRE in the SSR register is "1". Only read the SIDR register when RDRF in the SSR register is "1". 


Notel: Writing to this address writes to the SODR register. Reading reads from the SIDR register. 
Note 2: Do not use read-modify-write instructions to access the register as this can cause misoperation. 


(4) SSR (Serial status register) 


Serial status register — — — 12 11 3 9 8 © Bit No. 


Address: ene 000023H 
1 000027H 
che 000047H 
Read/write =>  (R) (R) (R) (R) (R) (-) (R/W) (R/W) 

Initial value > (0) (0) (0) ( ( (-) ( 


SSR 


SSR contains the flags that indicate the operation status of the UART. 
[Bit 15] PE (Parity Error): 
The flag is an interrupt request flag and is set when a receive parity error occurs. 
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag. 
When this flag is set, the data in SIDR is invalid. 

0: No parity error 

1: Parity error 


[Bit 14] ORE (Over Run Error): 


The flag is an interrupt request flag and is set when a receive overrun error occurs. 
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag. 


When this flag is set, the data in SIDR is invalid. 


0: No overrun error 
1: Overrun error 
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[Bit 13] FRE (Framing Error): 
The flag is an interrupt request flag and is set when a receive framing error occurs. 
Once set, writing "0" to the REC bit (bit 10) in the SCR register clears the flag. 
When this flag is set, the data in SIDR is invalid. 
0: No framing error 
1: Framing error 
[Bit 12] RDRF (Receiver Data Register Full): 
The flag is an interrupt request flag and indicates that receive data is present in the SIDR register. 
The bit is set when the receive data is loaded into the SIDR register and automatically cleared by reading 
the SIDR register. 
0: No receive data 
1: Receive data present 
[Bit 11] TDRE (Transmitter Data Register Empty): 
The flag is an interrupt request flag and indicates that transmit data can be written to the SODR register. 
Writing data to SODR clears the flag. The flag is set again when the data is loaded to the transmit shifter 
and transmission starts. This indicates that the next transmit data can be written. 
0: Writing transmit data is disabled. 
1: Writing transmit data is enabled. 
[Bit 9] RIE (Receiver Interrupt Enable): 
Controls receive interrupts. 
0: Disable interrupts. 


1: Enable interrupts. 


Note: Receive interrupt sources are generated by an error due to PE, ORE, or FRE as well as by 
RDRF (normal receive). 


[Bit 8] TIE (Transmitter Interrupt Enable): 
Controls transmit interrupts. 
0: Disable interrupts. 


1: Enable interrupts. 


Note: Transmit interrupts are generated when a TDRE transmit request is present. 


75 


2.4 UART 0/1/2 (SCI) 


76 


(5) CDCR (Machine clock divide-by-n control register) 


Machine clock divide-by-n control register 15 14 13 12 "1 10 9 8 ss Bh NG: 
Address: chO000051H f-— See ee ee ee ee ee ras CDCR 
chi 000053H [ree iit Seal See |e | piv3 | piv2 | ivi | pivo FH -—--- 
ch2 000055x eae 
Read/write > = (-) (-) (-) (-) (Ww) (W) (W) (W) 
Initial value > = (-) (-) (-) (-) (1) (1) (1) (1) 


Note 1: Do not use read-modify-write instructions to access the register as this can cause misoperation. 
The operating clock for the UART is obtained by dividing the machine clock. The divider is designed to 
obtain specific baud rates for a range of machine clocks. The CDCR register controls the machine clock 
divider. 

[Bit 11, 10, 9, 8] DIV3 to 0 (DIVide 3 to 0) 


Sets the machine clock divide ratio. 


Table 2.5.3 Machine Clock Divide Ratio 


DIV3 to DIVO Divide Ratio 
11108 Divide by 2 
11018 Divide by 3 
1100s Divide by 4 
10118 Divide by 5 
10108 Divide by 6 
10018 Divide by 7 
10008 Divide by 8 


Set the CDCR register bits as follows for the different machine clocks . These settings obtain the baud 
rates listed in Table 2.4.4. 


Machine 
Clocko 


6 MHz 
8 MHz 
10 MHz 
12 MHz 
14 MHz 
16 MHz 
8 MHz 
12 MHz 
16 MHz 


2. 
< 


DIV3 DIV2 DIV1 DIVO o+div 


2 MHz 


4 MHz 


B| ow] rm} a!]N] om] a] A} o 
a a | ms ee on Pas (een a ed cd 
a/Aa}/A;|olo]/oj/o}]-| =a 
oO] oo] -|/of/o}=]/-|a0};o0 
of} +] co] o]/-}/o};-};o]= 


When using different machine clock or div settings to those listed above, ensure that the product of 6 + div 
does not exceed 4 MHz. 
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2.4.4 Operation 
(1) Operating modes 
Table 2.4.3 lists the UART operating modes. Set the SMR and SCR registers to switch between modes. 


Table 2.4.3 UART Operating Modes 


, : Number of 
Mode Parity Data Length Operating Mode Stop Bits 
0 On/Off 7 CLK asynchronous (start-stop 
synchronization) Normal mode 
cue e : 1 bit or 2 bits 
CLK asynchronous (start-stop 
1 Off 8+1 nae 
synchronization) Multi-processor mode 
2 Off 8 CLK synchronous mode None 


However, for CLK asynchronous (start-stop synchronization) mode, the number of stop bits can only be 
set for transmission. The number of receive stop bits is always one. Do not set modes other than those 
listed above. The UART does not operate if an invalid mode is set. 


Note: UART CLK synchronous mode uses clock control (I/O expansion serial). No start or stop bit is 
added to the data in clock synchronous mode. 
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(2) UART clock selection 
a) Dedicated baud rate generator 


The baud rate when the dedicated baud rate generator is selected is as follows. 


Table 2.4.4 Baud Rate 
(i) 0 +div = 2 MHz 


cs2 | cst | cso | Asynchronous (start- CLK Synchronous 
stop synchronization) 
0 0 0 9615 (1) — 
Prohibited setting 
0 0 1 31250 (2) 
0 1 0 4808 (3) 1M 
0 1 1 2404 500 k 
1 0 0 1202 250 k 


(ii) @ +div = 4 MHz 


cs2 | cs1 | cso | Asynchronous (start- CLK Synchronous 
stop synchronization) 
0 0 0 19230 (1) he 
as : Prohibited setting 
0 0 1 Prohibited setting 
0 1 0 9615 (3) 2M 
0 1 1 4808 1M 
1 0 0 2404 500 k 


For these cases, the baud rate is calculated as follows. 


(1) ( +div)/(16 x 13) 
(2) (@ +div)/2° 
(3) (o +div)/(16 x 13 x 2) 


(Where, @ is the machine cycle.) 
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b) Internal timer 


Selecting the internal timer by setting "110" to CS2 to 0 sets the 16-bit timer (timer 4) to operate in reload 
mode. The baud rate is calculated as follows. 


CLK asynchronous (start-stop synchronization) (6+N)/(6x2x(Mm+1)) 
CLK synchronous (90+N)/2x(M+1)) 


N: Count clock source for timer 
n: Timer reload value 


Table 2.4.5 lists the relationship between baud rate and reload value (hexadecimal) for a machine cycle of 
7.3728 MHz. 


Table 2.4.5 Baud Rate and Reload Value 


Reload Value 
N = 2! N = 28 
(Machine cycle divided by 2) (Machine cycle divided by 8) 
Baud Rate 
38400 2 - 
19200 5 - 
9600 11 
4800 23 5 
2400 47 11 
1200 95 23 
600 191 47 
300 383 95 


When the internal timer (16-bit timer 0) is selected as the baud rate clock source, the TOTO output of 16- 
bit timer 0 is connected inside the controller. Therefore, the TOTO output of 16-bit timer 0 does not have to 
be connected externally to the UART external clock input pin (SCK). Also, if the output pin of timer 0 is 
not used elsewhere, the pin can be used as an I/O port pin. 


c) External clock 


The baud rate is calculated as follows when the external clock is selected by setting "111" to CS2 to 0. 
Here, f is the frequency. 


CLK asynchronous (start-stop synchronization) £/16 
CLK synchronous f 


The maximum external clock frequency (f) is 1 MHz. 
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(3) CLK asynchronous (start-stop synchronization) mode 
a) Transfer data format 
The UARTs only handle Non-Return-to-Zero (NRZ) type data. Figure 2.4.3 shows the data format. 


SIN, SOT | | | | | | | | 


0 1 0 1 1 0 1 


Start LSB MSB Stop 
A/D Stop 


The transfered data is 010011018. 


Fig. 2.4.3 Transfer Data Format (Mode 0 and 1) 


As shown in Figure 2.4.3, the transfer data always starts from the start bit (L level data), the specified 
number of data bits are transmitted LSB-first, then transmission ends with the stop bit (H level data). Input 
a continuous clock signal if external clock operation is selected. 


The number of data bits can be set to 7 or 8 bits in normal mode (mode 0). In multiprocessor mode (mode 
1), the number of data bits must be 8. Also parity cannot be used in multiprocessor mode. Instead, the A/D 
bit is always added. 


b) Receive operation 
Reception operates continuously when the RXE bit (bit 9) of the SCR register is "1". 


After a start bit is received on the receive line, one frame of data is received in the data format specified by 
the SCR register. After reception of the frame is complete, an error flag is set if any error occurred, then 
the RDRF flag (bit 12 of the SSR register) is set. At this time, a receive interrupt is sent to the CPU if the 
RIE bit (bit 9) of the SSR register is set to "1". Check the flags in the SSR register, then read the SIDR 
register if reception was normal or perform any required processing if an error occurred. 


Reading the SIDR register clears the RDRF flag. 


c) Transmit operation 


Write the transmit data to the SODR register when the TDRE flag (bit 11) in the SSR register is "1". The 
UART transmits the data if the TXE bit (bit 8) of the SCR register is "1". 


The TDRE flag is set again when the data set in the SODR register is loaded to the transmit shift register to 
start transmission. The next transmit data can now be set. If the TIE bit (bit 8) of the SSR register is set to 


"1", a transmit interrupt is sent to the CPU requesting input of the next transmit data to SODR. 


Setting data to the SODR register clears the TDRE flag. 
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(4) CLK synchronous mode 


a) Transfer data format 


The UARTs only handle Non Return to Zero (NRZ) type data. Figure 2.4.4 shows the relationship 
between the transmit/receive clock and the data. 


SODR write | | 
Mark 


RXE, TXE 


SIN, SOT ' | | ' | ; | | 
eee Oe Mee AO Oe ak 
LSB 
The transfered data is 010011018. 


Fig. 2.4.4 Transfer Data Format (Mode 2) 


When an internal clock is selected (dedicated baud rate generator or internal timer), the synchronizing 
clock for data reception is automatically generated when transmitting data. 


When an external clock is selected, exactly one byte of clock signal must be supplied after checking that 
data is present in the transmit data buffer (SODR register) of the transmitter UART (the TDRE flag is "0"). 
Note that SCLK must be at the mark level before starting transmission and after transmission is complete. 


Only 8-bit data can be used and parity is not available. As no start or stop bits are used, the only error that 
can be detected is an overrun error. 


b) Initialization 


The following lists the settings for each control register when using CLK synchronous mode. 


(1)SMR register 
MD1, MDO: 
CS2, CS1, CSO: 
SCKE: 


SOE: 


(2)SCR register 
PEN: 
P, SBL, A/D: 
CL: 
REC: 
RXE, TXE: 


(3)SSR register 
RIE: 
TIE: 


"10" 
Specify the clock input. 

When the dedicated baud rate generator or internal timer is used: "1" 
When an external clock is used: "0" 

When transmitting: "1" 

When receiving only: "0" 


no 
These bits have no meaning. 
myn 

"0" (for initialization) 

Set at least one of these to "1". 


Set "1" to use interrupts. Set "0" for no interrupts. 
"0" 
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c) Starting communications 


Writing to the SODR register starts communications. Note that temporary data must be written to the 
SODR register, even if not performing transmission. 


d) Ending communications 


The RDRF flag in the SSR register changes to "1" to confirm the end of communications. Check the ORE 
bit in the SSR register to determine whether communication was performed correctly. 


(5) Interrupt generation and flag set timings 


The UARTs have five flags and two interrupts sources. 


The five flags are PE, ORE, FRE, RDRF, and TDRE. PE indicates a parity error, ORE an overrun error, 
and FRE a framing error. These flags are set if a receive error occurs and are cleared by writing "0" to 
RED in the SCR register. RDRF is set when receive data is loaded into the SIDR register. Reading SIDR 
clears RDRF. Note that the parity detect function is not available in mode 1 and the parity and framing 
error detect functions are not available in mode 2. TDRE is set when the SODR register becomes empty 
and available for writing. Writing to the SODR register clears TDRE. 


The two interrupts are the receive and transmit interrupts. For reception, the PE, ORE, FRE, and RDRF 
flags request an interrupt. For transmission, the TDRE flag requests an interrupt. The following describes 
the interrupt flag set timings for each operating mode. 


a) Receive operation in mode 0 


The PE, ORE, FRE, and RDRF flags are set and an interrupt request to the CPU generated when the final 
stop bit is detected indicating the end of reception. The data in SIDR is invalid when either the PE, ORE, 
or FRE bit is active. 


PE, ORE, FRE ee ae 


RDRF eS SES:*C“‘“RSCSS 
Receive interrupt eal 


Fig. 2.4.5 ORE, FRE, and RDRF Set Timing (Mode 0) 


b) Receive operation in mode 1 


The ORE, FRE, and RDRF flags are set and an interrupt request to the CPU generated when the final stop 
bit is detected indicating the end of reception. As only 8 data bits can be received, the final ninth bit 
containing the address/data indicator is not valid. The data in SIDR is invalid when either the ORE or FRE 
bit is active. 
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: / Address \, : : 
Data KOT OK NEE stop | , 
ORE, FRE re ee. Sos 


RDRF re ae 
Receive interrupt ee ”:*~*« 


Fig. 2.4.6 ORE, FRE, and RDRF Set Timing (Mode 1) 


c) Receive operation in mode 2 


The ORE and RDRF flags are set and an interrupt request to the CPU generated when the final data bit 
(D7) is detected indicating the end of reception. The data in SIDR is invalid when the ORE bit is active. 


RDRF es —CS 
Receive interrupt ee | | ls 


Fig. 2.4.7 ORE and RDRF Set Timing (Mode 2) 


d) Transmit operation in mode 0 and mode 1 


Writing data to the SODR register clears TDRE. TDRE is set and an interrupt request to the CPU 
generated when the data written in the SODR register is transferred to the internal shift register and the 
next data is able to be written to SODR. Writing "0" to TXE (also to RXE in mode 2) in the SCR register 
during transmission disables transmission operation after TDRE in the SSR register goes to "1" and the 
transmit shifter stops. If "0" is written to TXE (also to RXE in mode 2) in the SCR register while 
transmission is in progress, the data written to the SODR register before transmission was halted is 
transmitted. 


SODR write | | | | 
TDRE | | | | 


SOUT interrupt | | | | 
SOT output st | po] D1 | p2| ps | p¢| bs | bs | 07 J Rip: SP | st | 00 | 0s J 02 | bs 


ST: Start bit DO to D7: Data bits SP: Stop bit A/D: Address/data multiplexer 


Fig. 2.4.8 TDRE Set Timing (Mode 0, 1) 
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SODR write | | | | 
TDRE | | | | 


e Interrupt request to the CPU 


SOT interrupt | | | | 
sotoup | 60] 6+] 8a] 58] 54] os] 05] 67 [oo [os [oe [oe [oe os [os [7 


DO to D7: Data bits 


Fig. 2.4.9 TDRE Set Timing (Mode 2) 


(6) El?OS (Extended intelligent I/O service) 
See Section 3.3.2 "EI?OS" for details on EI2OS. 


Cautions 


Set the communication mode when operation is halted. Data transmitted or received during mode setting 
cannot be guaranteed. 


Application Example 


Mode | is used when a number of slave CPUs are connected to a host CPU (see Figure 2.4.10). This 
resource only supports the host-side communication interface. 


; en al 
SI 
Host CP 
lie so. SI so. SI 
Slave CPU #0 Slave CPU #1 


Fig. 2.4.10 Example System Configuration Using Mode 1 


Communication starts with the host CPU transmitting address data. Address data is data transmitted with 
the A/D bit in the SCR register set to "1". The address selects the slave CPU with which to communicate 
and enables communication with the host CPU. Normal data is data transmitted with the A/D bit in the 
SCR register is set to "0". Figure 2.4.11 shows a flow chart of operation in this mode. 


As the parity check function is not available in this mode, set the PEN bit in the SCR register to "0". 
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(Host CPU) 


START 
Set the transfer mode to 1. 


Set the slave CPU selection in DO to 
D7. 
Set A/D to "1". 


Set A/D to "0". 
Enable receive operation. 
Perform communications 
with the slave CPU. 


Communications 
complete? 


Perform communications 
with another slave CPU? 


Disable receive operation. 


Fig. 2.4.11 Communication Flowchart for Mode 1 Operation 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


The 10-bit 8-input A/D converter converts analog input voltages to digital values. The A/D converter has 
the following features. 


¢ Conversion time: Minimum of 6.13 ws per channel (98 machine cycles for a 16 MHz 
machine clock - including sample and hold time) 


¢ Sample and hold time: Minimum of 3.75 ps per channel (60 machine cycles for a 16 MHz 
machine clock) 


¢ Uses RC-type successive approximation conversion with a sample-and-hold circuit. 
¢ 10-bit or 8-bit resolution 


¢ Eight program-selectable analog input channels 


Single conversion mode: Selectively convert a single channel. 

Scan conversion mode: Continuously convert multiple channels. Maximum of 8 program- 
selectable channels. 

Continuous conversion mode: Repeatedly convert specified channels. 

Stop conversion mode: Convert one channel then halt until the next activation. (Enables 


synchronization of the conversion start timing.) 
¢ An A/D conversion completion interrupt request to the CPU can be generated on the completion of A/D 
conversion. This interrupt can activate I?OS to transfer the result of A/D conversion to memory and is 
suitable for continuous processing. 


¢ Activation by software, external trigger (falling edge), or timer (rising edge) can be selected. 


2.5.1 Registers 


Control status register (upper) 15 4 13 12 11 10 © Bit No. 


1 8 
Address: 00002Di Busy | INT | INTE | PAUS | sTS1 | stso | STRT “"" apest 


9 
Read/write > (R/W) (RAW) (RW) (RW) (RW) (RW) (W) (-) 
Initial value <> — (0) (0) (0) (0) (0) (0) (0 (0) 


Control status register (lower) © Bit No. 


7 6 5 4 3 2 1 0 
Address: 00002CH | m1 | MDo | ANS2 | ANS1 | ANSO | ANE2 | ANE1 | ANEO ADCSO 
) (R/W) (RW) (RW) (R/W) 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W 
Initial value o> (0) (0) (0) (0) (0) (0) (0) (0) 
Data register (upper) 15 14 13 12 11 10 9 8 © Bit No. 
races omoars Fore TTT TT [oe [sco 
Read/write = (R/W) _— (R) (R) (R) (R) (R) (R) (R) 
Initial value o> (0) (0) (0) (0) (0) (0) (X) (X) 


Data register (lower) 7 6 5 4 3 2 1 0 © Bit No. 
rawesecoores Tor [oe [or or [es [ee [ere | mcr 
Read/write > R (® ® ® ® R ~~ AM 
Initial value <> x & & & & & & = & 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


2.5.2 Block Diagram 


AVCC 


AVR 
AVSS 


D/A converter 
- Successive 
approximation register 


Input circuit 


Sample-and-hold circuit 


Data bus 


Data register 


ADCRO, 1 


| A/D control register 1 
A/D control register 2 
Trigger activation 


Timer activation 
Timer ; ne 
(Reload timer 1 output) Operating cloc 
Peripheral clock =—§ —————____________» 


Fig. 2.5.1 Block Diagram 


ADCRO, 1 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


2.5.3 Register Details 
(1) ADCS1, 0 (Control status register) 
H Register layout 


Control status register (upper) 14 e Bit No. 


11 
Address: 00002DH | BUSY qari INTE | Paus | sts1 | stso | STRT ___ ADcst 


Read/write > (R/W) (RW) (RW) (RW) (RW) (RW) (W)C) 


Initial value @ (0) (0) (0) () (0) (0) © ©) 
Control status register (lower) _ © Bit No. 
Address: 00002CH > noe Toe ANS2 | ANS1 | ANSO | ANE2 | ANE1 | ANEO ADCSO 
Readiwrite © (RAW) (RAW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value > 0) () () #4) +2 © + #£«©) 


@ Register contents 

Note 1: This register is used for control and status indication for the A/D converter. Do not modify 
ADCSO during A/D conversion. 

Note 2: Do not access this register using read-modify-write instructions as this can cause misoperation. 


@ Bit meanings 


[Bit 15] BUSY (Busy flag and stop) 


On reading: A/D converter operation indication bit. Set on activation of A/D conversion and cleared on 
completion. 
On writing: | Writing "0" to this bit during A/D conversion forcibly terminates conversion. Use to 


forcibly terminate in continuous and stop modes. 


Writing "1" to this bit has no effect. RMW instructions read a value of "1". Cleared on the completion of 
A/D conversion in single conversion mode. In continuous and stop mode, the flag is not cleared until 
conversion is terminated by writing "0". Initialized to "0" by a reset. 


Note: Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the 
same time. 


[Bit 14] INT (interrupt) 

Data indication bit. This bit is set when conversion data is stored in ADCR. When INTE (bit 13) is "1", an 
interrupt request is generated when this bit is set. When I?OS activation is enabled, I?OS is activated. 
Writing "1" has no meaning. The bit is cleared by I?OS data transfer or by writing "0" to the bit from the 
CPU. The bit is initialized to "0" by a reset. 


Note: Only clear this bit (by writing "0" from the CPU) while conversion is halted. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


[Bit 13] INTE (Interrupt enable) 


This bit enables or disables the conversion completion interrupt. 
0: Disable interrupt 
1: Enable interrupt 


Always set this bit when using ?OS. Generation of an interrupt request activates 70S. 
Initialized to "0" by a reset. 


[Bit 12] PAUS (A/D converter pause) 
This bit is set when A/D conversion temporarily halts. 


The A/D converter has only one register to store the conversion result. Therefore, in continuous 
conversion mode, the previous conversion result is lost when the next conversion result is stored in the 
register if the previous data has not been read by the CPU. To avoid this problem when using continuous 
conversion mode, use OS to transfer the conversion result to memory automatically after each 
conversion is complete. However, there may be cases when transfer of the conversion data does not occur 
before completion of the next conversion (for example, if multiple interrupts occur). This bit is provided to 
deal with such cases. The bit is set from the time conversion completes until the content of the data register 
is transferred by I?OS. This halts A/D conversion during this period and prevents the next conversion data 
from being stored in the register. The A/D converter then automatically restarts after completion of data 
transfer by I?OS. This bit is only meaningful when I?OS is used. The bit is initialized to "0" by a reset. 


[bits 11, 10] STS1, STSO (Start source select) 


These bits select the A/D activation source. Initialized to "00" by a reset. 


Table 2.5.1 STS Bit Settings 


STS1 STSO Function 
0 0 Software activation 
0 1 Software activation and external trigger pin activation 
1 0 Software activation and timer activation 
{ { Software activation, external trigger pin activation, and timer 
activation 


In multiple-activation modes, the first activation to occur starts A/D conversion. The activation source 
changes immediately on writing to the register. Therefore, when switching activation modes during A/D 
operation, switch the mode while the new activation source is not active. 


Setting the external trigger pin as an activation source when the external trigger input level is "L" may start 
A/D conversion. 


[Bit 9] STRT (Start) 


Writing "1" to this bit starts A/D operation. Write "1" again to restart conversion. Restarting does not 
function in stop mode. Initialized to "0" by a reset. 


Note: Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the 
same time. 
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2.5 
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10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


[Bit 8] Test bit 


Test bit. Always write "0" to this bit. 


[Bits 7,6] MD1, MDO (A/D converter MoDe set) 


These bits set the operation mode. Table 2.5.2 lists the available modes. 


Table 2.5.2 MD Bit Settings 


MD1 


MDO 


Operation Mode 


Single conversion mode. Re-activation during operation is always 
available. (Initial value) 


Single conversion mode. Re-activation during operation is not 
available. 


Continuous conversion mode. Re-activation during operation is not 
available. 


Stop mode. Re-activation during operation is not available. 


Single conversion mode: 


Performs one A/D conversion for each channel from the start to the end 
channel, then halts. ANS2 to ANSO specifies the start channel and ANE2 
TO ANEO specifies the end channel. 


Continuous conversion mode: Repeatedly performs A/D conversion for the start to end channels. ANS2 


Stop mode: 
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to ANSO specifies the start channel and ANE2 to ANEO specifies the end 
channel. 


Performs one A/D conversion each time for the start to end channels. 
Halts temporarily after each conversion and re-activates when a trigger 
occurs. ANS2 to ANSO specifies the start channel and ANE2 to ANEO 
specifies the end channel. 


¢ When A/D conversion is activated in continuous mode or stop mode, conversion 
operates continuously until stopped by the BUSY bit. 


¢ Write "0" to the BUSY bit to stop conversion. 


¢ When re-activation is not available in single, continuous, or stop mode, this 
applies to activation by timer, external trigger, and software. 


2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


[Bits 5, 4, 3] ANS2, ANS1, ANSO (ANalog Start channel set) 


These bits set the start channel for A/D conversion. Activating the A/D converter starts A/D conversion 
from the channel specified by these bits. 


Table 2.5.3 Conversion Start Channel Setting by the ANS Bits 


ANS2 ANS1 ANSO Start Channel 
0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 ANS 
1 0 0 AN4 
1 0 1 AN5 
1 1 0 AN6 
1 1 1 AN7 


Reading these bits during A/D conversion reads the channel number currently being converted. Reading 
these bits while A/D conversion is halted in stop mode reads the most recently converted channel. 
Initialized to "000" by a reset. 


[Bits 2, 1,0] ANE2, ANE1, ANEO (ANalog End channel set) 


These bits set the end channel for A/D conversion. Activating the A/D converter performs A/D conversion 
up to the channel specified by these bits. 


Table 2.5.4 Conversion End Channel Setting by the ANE Bits 


ANE2 ANE1 ANEO End Channel 
0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 ANS 
1 0 0 AN4 
1 0 1 AN5 
1 1 0 AN6 
1 1 1 AN7 


Setting the same channel as ANS2 to ANSO specifies conversion for that channel only. In continuous or 
stop mode, conversion is performed up to the channel specified by these bits. Conversion then starts again 
from the start channel specified by ANS2 to ANSO. If ANS > ANE, conversion starts with the channel 
specified by ANS, continues up to AN7, starts again from ANO, and ends with the channel specified by 
ANE. The following shows an example. 


Example: Channel setting ANS = 6ch, ANE = 3ch, single conversion mode 


Operation Conversion channel 6ch > 7ch > Och > Ich > 2ch > 3ch 


Initialized to "000" by a reset. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


(2) ADCR1, ADCRO (Data registers) 
# Register layout 


Data register (upper) 


(For 10-bit mode) 14 11 e | Bit No. 
simwnoces [OT [~~] pe [=] aon 
Read/write => (R/W)_ (R) (R) (R) (R) (R) (R) (R) 
Initial value => (0) (0) (0) (0) (0) (0) (X) (X) 


Data register (upper) 
(For 8-bit mode) 14 < Bit No. 


11 
Sn ren es 


Read/write > (R/W)~ (-) 
Initial value = = (0) (-) 6 i 6 6 5 5 


Data register (lower) 7 6 5 4 3 2 1 0 © Bit No. 
rosessomoass “Tor [oe [os [oT os [es [er [or] ccm 
Read/write © (R) (RA) ® = =()~6©®)—OMh ®~—COC RCO) 
Initial value > x ( & & & & & 


@ Register contents 

These registers store the digital result of A/D conversion. The resolution of the conversion result is 10 bits 
when bit S10 is "0" and 8 bits when bit S10 is "1". ADCR1 stores the upper 2 bits of the conversion result 
and ADCRO stores the lower 8 bits. The D9 to DO value is updated at the completion of every conversion. 
The registers normally hold the previous conversion value. Other than S10, the register values after a reset 
are indeterminate. S10 is initialized to "0" by a reset. 


Reading bits 15 to 10 of ADCR1 always returns "0" in 10-bit mode. In 8-bit mode, all contents of ADCR1 
are undefined and the result is stored in ADCRO. 


Only write to S10 before conversion, when A/D operation is halted. Writing to S10 after conversion 
causes the contents of ADCR to become indeterminate. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


2.5.4 Operation 


The A/D converter operates using the successive approximation method with 10 or 8-bit resolution. As 
only one 16-bit register is provided to store conversion results, the previous conversion data is lost each 


time conversion completes. Therefore, I’?OS must be used to successively transfer conversion data to 
memory when using continuous conversion mode. 


The following describes the operating modes. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


@ Single conversion mode 

In this mode, the A/D converter converts each analog input channel from the start channel specified by 
ANS to the end channel specified by ANE. Conversion completes on reaching the end channel and A/D 
operation halts. When the start and end channels are the same (ANS = ANE), conversion is only 
performed for the channel specified in ANS. 


Example 1: ANS ="000", ANE = "011" 
> Start ~ ANO > ANI > AN2 > AN3 > End 


Example 2: ANS ="010", ANE = "010" 
> Start ~ AN2 > End 


@ (70S activation example in single conversion mode 
¢ Convert analog inputs AN1 to AN3, then end. 


¢ Sequentially transfer the conversion data to locations 200H to 205H. 
* Activate by software. 


¢ Maximum interrupt priority level 


Q) Setting ’OS 
> Set ICR in the interrupt controller. 


MOV ICR1O0, #08H ooo. ccecceceeeeeeeeeeees ® 
> Set the I?OS descriptor. 
MOV BAPL, #00H .............:ccccccceeseeceeseeseesseees @ 
MOV BAPM, #02H.............. cece ceccececececeseeeeeeeeseeees @ 
MOV BAPH, #00H ........... cc ccccccccececeeeeeeeeeesenees @ 
MOV ISCS, #18H oo. cccccceceecececeseseeeeeees @ 
MON-IOAL, F2ZEF cscscdcieaesdescessdessvcidedssaieaseessaieses © 
MOV IOAH, #00H....... 0. ccccccececeeeeeeeeeenees © 
MOW DCTE, OBE 3c .ccssasiesessthe.esshsvosseesucesiueessdees @ 
MOV - DCTH; HOOF aici cetiened titel ieh cee as @ 
L) Set the A/D converter. 
MOV ADCS0O, #OBH..... ec cccecceeeeeeeeeeees 
MOV ADCS1: FAQ este ccietesciceaditeiesntyewies @ 


Q) Other processing 


(1 17OS completion interrupt sequence 
MOV ADCS 1,#80H 


(1) Set maximum interrupt priority, specify I?OS activation by the interrupt, and set the 
descriptor address. 
(2)(3)(4) Set the destination address for the conversion data. 


(5) Set word data transfer, increment the destination address after each transfer, and transfer 
from I/O to memory. 

(6) Set the A/D converter result register. 

(7) Perform I?OS data transfer three times (same as the number of conversions). 

(8) Set single conversion mode, start channel AN1, and end channel AN3. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


(9) Specify software activation. Start A/D conversion. 
(10) Return from interrupt. 
ICR10: Interrupt control register 
BAPL: Buffer address pointer (lower) 
BAPM: _ Buffer address pointer (middle) 
BAPH: Buffer address pointer (upper) 
ISCS: I’OS status register 
VOAL: I/O address register (lower) 
VOAH: _ I/O address register (upper) 
DCTL: Data counter (lower) 
DCTH: Data counter (upper) 


Activation start 


AN1— : Interrupt > IOS data transfer 


End 


AN3— Interrupt > I?OS data transfer 


: Interrupt sequence 


E Parallel processing | 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


@ Continuous conversion mode 


In this mode, the A/D converter converts each analog input channel from the start channel specified by 
ANS to the end channel specified by ANE. On reaching the end channel, A/D conversion operation returns 
to the ANS analog input and the cycle starts again. When the start and end channels are the same (ANS = 
ANE), conversion is performed continuously for the channel specified in ANS. 


Example 1: ANS ="000", ANE = "011" 
> Start > ANO — ANI > AN2 > AN3 — ANO -- ® Repeat 


Example 2: ANS ="010", ANE = "010" 
> Start > AN2 — AN2 — AN2 -- > Repeat 


In continuous mode, conversion repeats continuously until "0" is written to the BUSY bit. Writing "0" to 
the BUSY bit forcibly terminates operation. 


Forcibly terminating operation halts the A/D converter mid-conversion and the value being converted at 
the time cannot be obtained. The result in ADCR is the most recent conversion value prior to halting. 


@ 1’OS activation example in continuous conversion mode 
¢ Convert analog inputs AN3 to ANS and collect two conversion data for each channel. 


¢ Sequentially transfer the conversion data to locations 600H to 60BH. 
* Activate by an external edge input. 


¢ Maximum interrupt priority level 


Q) Setting POS 
>Set ICR in the interrupt controller. 


MOV ICR10,#08H 0.00.0... ce ceccccceccccceesesseeesensees (1) 
>Set the ?OS descriptor. 
MOV: BAPL HOOF via.c.eeicictcnieteclirdaeei ees (2) 
MOV BAPM,, #069... cece eecccceccccceceeseeeeeeeeees (3) 
MOV BAPH,#00H 1.0... ceecccccseeceeseeeeeseeeee (4) 
MOV ISCS FISH zac neste tended asectes (5) 
MON-IOAL F2EUosteitissdciciescciisasieviessicketasicotiasiess (6) 
MOV IOAH,#00H 1.0... eeccccccccccecceeeesseeeeeesees (6) 
MOV DCI HUGH fadcora cise ndcadedmeswiss a: (7) 
MOV DCTH, HOOD icra Gaceates cuneate cotiodans (7) 
L) Set the A/D converter. 
MOV ADCS0,#9DH ....... cc cececcsceccceceecesseeeseesees (8) 
MOV ADCS 1,#A4H occ cececccceeeeeeceeee (9) 


Q) Other processing 


Q) I2OS completion interrupt sequence 
MOV ADCS 1,#80H 00... ceceeeeeeeeneeeeeeteeeseeees (10) 
RETI 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


(1) Set maximum interrupt priority, specify I?OS activation by the interrupt, and set the descriptor 
address. 

(2)(3)(4)Set the destination address for the conversion data. 

(5) Set word data transfer, increment the destination address after each transfer, and transfer from 
1/O to memory. 

(6) Set the source address for data transfer. 

(7) Perform J?OS data transfer six times (3ch x 2 data transfers). 

(8) Set continuous conversion mode, start channel AN3, and end channel ANS. 

(9) Specify external edge activation. Start A/D conversion. 


(10) Return from interrupt. 


Activation start 


AN3— Interrupt > I°OS data transfer 
u 
2 
ee Interrupt — IOS data transfer ec Sadat Ban shas 


: POS data transfer Interrupt sequence 


u 
End 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


@ Stop mode 


In this mode, the A/D converter converts each analog input channel from the start channel specified by 
ANS to the end channel specified by ANE. However, conversion operation temporarily halts after each 
conversion. The next trigger received releases the temporary halt. On reaching the end channel specified 
by ANE, operation returns to the ANS analog input and the cycle starts again. 


When the start and end channels are the same (ANS = ANE), conversion is only performed for the channel 
specified in ANS. 


Example 1: ANS ="000", ANE = "011" 
> Start ~ ANO — halt > activate ~ AN1 — halt > activate ~ AN2 — halt > activate > 
AN3 — halt — activate > ANO -- * Repeat 


Example 2: ANS ="010", ANE = "010" 
=> Start > AN2 — halt — activate > AN2 — halt > activate > AN2 --» Repeat 


The available activation sources are the sources set in STS1, 0. This mode can be used to synchronize the 
conversion start timing. 


@ [70S activation example in stop mode 
¢ Convert analog input AN3 twelve times at fixed intervals. 


¢ Sequentially transfer the conversion data to locations 600H to 617H. 
¢ Activate by an external edge input. 


¢ Maximum interrupt priority level 


Q) Setting 20S 
bSet ICR in the interrupt controller. 


MOV ICR10,#08H 000... eccccescececececeeeeeeeeeeeees ® 
Set the ?OS descriptor. 
MOWV BAPEE:HOOH iiss. castes cescas. ntecdec neetiesesiteenesiaes @ 
MOV BAPMHO6H..............ccccccccsesecccccecesssssceeeeees @ 
MOV BAPH,#00H ....... ccc ccccccecececeseeeeeeeeeens @ 
MOV ISCS,#18H oon. ccccccececececeseeeeeeeesens @ 
MOV TOAD F2E GS ccc ccsciaceiacaees ese eateseposteutinutans © 
MOV IOAH,#O0H 1... cece ccccecececeseeeeeeeees © 
MOV DCT HOCH 63 boa cchcciecenté cieis a deciestdesteiaceess @ 
MOV DCTH,#00H....... ccc ccccccececeeeeeeeeeeeees @ 
L) Set the A/D converter. 
MOV ADCSO,#DBH...... ec ccccccceceeeeeeeeeeeeeees 
MOV ADCS FAA... sini editaiicdeclienecieiiees @ 


Q) Other processing 


Q) 1?OS completion interrupt sequence 
MOV ADCS 1,#80H ..... eee eeeesneceeeneeeeeeeeeeeaaes ® 
RETI 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


Set maximum interrupt priority, specify OS activation by the interrupt, and set the 
descriptor address. 


(2)(3)(4) Set the destination address for the conversion data. 


(5) 


(6) 
(7) 
(8) 
(9) 
(10) 


Activation start> AN3— Interrupt > I°OS data transfer 


Set word data transfer, increment the destination address after each transfer, transfer from I/O 
to memory, and termination on a request from the resource. 

Set the source address for data transfer. 

Perform I?OS data transfer twelve time. 

Set stop mode, start channel AN3, and end channel AN3 (single-channel conversion). 
Specify external edge activation. Start A/D conversion. 

Return from interrupt. 


u 
Halt 
Y 


Activate on external edge 


After twelve data transfers 


Interrupt sequence 
u 


End 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


@ Conversion operation using 20S 


The following shows an example using continuous mode. The example shows the steps from A/D 
conversion activation to conversion data transfer. 


Activate A/D conversion 


Sample and hold 


Activate I20S 


Conversion Data transfer 
Conversion complete 


<_S —| Interrupt processing 


Clear interrupt 


Generate interrupt 


yx Depends on the I?O0S setting. 


Fig. 2.5.2 20S Example 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


@ Conversion data protection function 


A feature of the A/D converter is the conversion data protection function which uses ?OS to perform 
continuous conversion and save multiple data. 


The A/D converter has only one conversion data register. Therefore, when continuous A/D conversion 
saves the new conversion data at conversion completion, this overwrites the previous conversion data. To 
protect the previous data, the A/D converter has a function to temporarily halt the A/D converter and 
prevent conversion data being written to the register (even if conversion has already completed) until the 
previous data has been transferred to memory by I?OS. 


The temporary halt releases after I?OS transfers the data to memory. 
If the previous data has already been transferred, the A/D converter continues without a temporary halt. 
Note: This function depends on the INT and INTE bits in ADCS1. 
The data protect function only operates when interrupts are enabled (INTE = "1"). 
The function does not operate when interrupts are disabled (INTE = "0"). In this case, performing 
continuous A/D conversion continuously overwrites the register data with new conversion results. 
Note that the INT bit is not cleared when interrupts are enabled (INTE = "1") but I?OS is not used. 
As a result, the data protection function causes the A/D converter to temporarily halt. In this case, 
use the interrupt sequence to clear the INT bit and release the halt. 
The A/D converter re-starts if interrupts are disabled during OS operation when the A/D 
converter is temporarily halted. This may result in the conversion data register contents changing 


before data transfer occurs. 


Also, the data waiting to be written to the register is lost if an activation is received while the A/D 
converter is temporarily halted. 
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10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


Set 20S ' ae 
The flowchart omits the case when A/D converter operation is stopped. 


Activate continuous 
A/D conversion 


First conversion Note: The data waiting to be written to the register is lost if an activation is 
completes received while the A/D converter is temporarily halted. 
Save in data register 
Second conversion k 
NO 
20S complete? A/D temporary halt 
YES 
Save in data register 20S complete? 


Third conversion . , 


: 


Y Continue 
All conversions 
complete 


Interrupt routine 


Activate I20S 


End #A/D halt 


Fig. 2.5.3 Data Protection Function Flowchart Using I20S 


Note: When setting the A/D converter to be activated by an external trigger or internal timer, set the 
external trigger or internal timer input value to inactive when setting the start source select bits 
(STS1, 0) in the ADCS1 register. If the input is active, the A/D converter may start to operate. 


Set ADTRG = "1" to the input state and internal timer (16-bit reload timer 1) = "0" to the output 
state when setting STS1, 0. 
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2.5 10-Bit 8-Input A/D Converter (With 8-Bit Resolution Mode) 


2.5.5 Other Points to Note 


Always set the corresponding ADER bit to "1" for each analog input pin used. 


Analog input enable register 15 14 13 11 10 © Bit No. 


12 9 8 
ADER 000016 ADE7 | ADE6 | ADES | ADE4 | ADE3 | ADE2 | ADE1 | ADEO ADER 


Read/write @ (R/W) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value = (1) (1) (1) (1) (1) (1) (1) (1) 


Controls each pin of port 6 as follows. 
0: Port input mode 
1: Analog input mode 


Initialized to "1" by a reset. 


Note: Set to analog input mode when inputting an analog signal. Inputting an intermediate level signal to 
a pin set as an input port causes a leak current to flow. 


Note: The ATGX pin is shared with other functions. Unless done intentionally, halt input (INT7) to the 
pin from other functions. 
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2.6 PPG 


2.6 PPG 


This block contains the 8-bit reload timer module. The block performs PPG output in which the pulse 
output is controlled by the operation of the timer. 


The hardware consists of two 8-bit down-counters, four 8-bit reload registers, one 16-bit control register, 
two external pulse output pins, and two interrupt outputs. The unit has the following functions. 


¢ 8-bit PPG output in 2-channel independent operation mode: Two independent PPG output channels are 
available. 


¢ 16-bit PPG output operation mode: One 16-bit PPG output channel is available. 


¢ 8+8-bit PPG output operation mode: Variable-period 8-bit PPG output operation is available by using 
the output of chO as the clock input to ch1. 


¢ PPG output operation: Outputs pulse waveforms with variable period and duty ratio. 


Can be used as a D/A converter in conjunction with an external 


circuit. 
2.6.1 Registers 
PPGO operation mode control register: 7 < Bit No. 
Address: ch0 000030H [PENo as PoEO | Pico | Puro | Pcm1 | PCMo PPGCO 
Read/write => “(RW) (-) (RAW) (RW) (RW) (RW) (RW) (-) 
Initial value => (0) (-) (0) (0) (0) (0) (0) (1) 


PPG1 operation mode control register S Bit No. 


14 11 
Address: ch1 0000311 PEN1 | PcS1 | POE1 | PIE1 | PUF1 SREB] PGC! 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (RW) 
Initial value > (0) (0) (0) (0) (0) (0) (0) a 


Reload register H 


Address: ch0 000035H 
ch1 000037H 


Read/write > (R/W) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value @ (X) — (X) (Xx) (X)—(X) (Xx) (X) (x) 


7 6 5 4 3 2 1 0 © Bit No. 


Reload register L 


Address: ch0 000034H ~~ T- 
ch1 000036H } PRLL 


Read/write 
Initial value 
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2.6.2 Block Diagram 


Output enable 


-~«— Peripheral clock divided by 16 
Peripheral clock divided by 4 
™ Peripheral clock 


PPGO 
output latch 


Clear 
—<— PENO 


[| 
PRLBHO 


ob ge b eb ge 


PCNT 
(Down-counter) 


Count clock 
selection 
Timebase counter output 
Main clock divided by 512 
L/H select L/H selector 


[| 
PRLHO 


2.6 


MV 


PPGO 


IRQ 


chi borrow 


L-side data bus 


H-si 


-.——_ H-side data bus 1] 


(Operation mode control) 


Fig. 2.6.1 Block Diagram of 8-Bit PPG ch0O 
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2.6.2 Block Diagram 


Output enable 
PPG1 


VI 


Peripheral clock 
‘Timebase counter output 


Main clock divided by 512 
PPG1 
output latch 
Clear 
—<— PEN1 
Count clock PONT | | 
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<¢ 


9 


IRQ 
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{| L | 
C= PRLL1 PRLBH1 
L 
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PIE1 
UF1 


i} 


L-side data bus 


H-side data bus 


(Operation mode control) 


Fig. 2.6.2 Block Diagram of 8-Bit PPG ch1 
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2.6.3 Register Details 
(1) PPGCO (PPGO operation mode control register) 


PPGO operation mode control register © Bit No. 


7 6 5 4 3 2 1 0 
Address: ch0 000030H PENO za POEO | Pico | PUFO | Pcm1 | PcMo PPGCO 


Read/write © (RW) (-) (RAW) (RW) (RW) (RW) (RW) (-) 
Initial value <> (0) (-) (0) (0) (0) (0) (0) (1) 


A 6-bit control register that selects the operation mode of the block, controls pin output, selects the count 
clock, and controls the trigger. 


[Bit 7] PENO (Ppg ENable): Operation enable bit 
Starts PPG operation or selects the operation mode as follows. 


PENO Operation State 
0 Operation stopped (output held at "L" level) 
1 PPG operation enabled 


Writing "1" to this bit starts the PPG counting. 
Initialized to "0" by a reset. Readable and writable. 


[Bit 5] POEO (Ppg Output Enable): PPG pin output enable bit 
Controls the external pulse output pin (PPGO) as follows. 


0 General-purpose port pin (pulse output disabled) 
1 PPGO = pulse output pin (pulse output enabled) 


Initialized to "0" by a reset. Readable and writable. 


[Bit 4] PIEO (Ppg Interrupt Enable): PPG interrupt enable bit 
Controls PPG interrupt enable as follows. 


0 Interrupts disabled 


1 Interrupts enabled 


When this bit is "1", an interrupt request is generated when PUFO becomes "1". No interrupt request is 
generated if this bit is "0". 


Initialized to "0" by a reset. Readable and writable. 
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[Bit 3] PUFO (Ppg Underflow Flag): PPG counter underflow bit 
The meaning of the PPG counter underflow bit is as follows. 


0 No PPG counter underflow detected. 


1 PPG counter underflow detected. 


In 2-channel 8-bit PPG mode or 8-bit prescaler + 8-bit PPG mode, this bit is set to "1" when an underflow 
occurs in chO (when the counter value changes from 00H to FFH). In single channel 16-bit PPG mode, this 
bit is set to "1" when an underflow occurs in chl/chO (when the counter value changes from O000H to 
FFFFH). Writing "0" to this bit changes the bit to "0". Writing "1" has no meaning. Reading returns "1" in 


read-modify-write instructions. 
Initialized to "0" by a reset. Readable and writable. 


[Bits 2, 1] PCM1/0 (Ppg Count Mode): Count clock selection bits 
Selects the operating clock for the down-counter as follows. 


PCM1 PCMO Operation Mode 
0 0 Peripheral clock (62.5ns for a 16 MHz machine clock) 
0 1 Peripheral clock/4 (250ns for a 16 MHz machine clock) 
1 0 Peripheral clock/16 (1 us for a 16 MHz machine clock) 
{ { Input clock from the timebase counter (128 us for a 4 MHz 
source oscillator) 


Initialized to "00" by a reset. Readable and writable. 
[Bit 0] Reserved bit. Always set to "1" when setting PPGCO. 


(2) PPGC1 (PPG1 operation mode control register) 


PPG1 operation mode control register 14 < Bit No. 


15 13 12 11 © 10 9 8 
Address: ch1 0000314 PEN1 | Pcsi | PoE1 | PIE1 | PUFI | MD1 | MDO | Reserves) PPGC1 


Read/write © (RW) (RW) (RAW) (RW) (RW) (RW) (RW) (-) 
Initial value => (0) (0) (0) (0) (0) (0) (0) (1) 


A 7-bit control register that selects the operation mode of the block, controls pin output, selects the count 


clock, and controls the trigger. 


[Bit 15] PEN1 (Ppg ENable): Operation enable bit 
Starts PPG operation or selects the operation mode as follows. 


PEN1 Operation State 
0 Operation stopped (output held at "L" level) 
1 PPG operation enabled 


Writing "1" to this bit starts PPG counting. 


Initialized to "0" by a reset. Readable and writable. 


Chapter 2: Hardware 


2.6 PPG 


[Bit 14] PCS1 (Ppg Count Select): Count clock selection bit 
Selects the operating clock for the down-counter as follows. 


0 Peripheral clock (62.5ns for a 16 MHz machine clock) 


Input clock from the timebase counter (128 us for a 4 MHz 


1 
source oscillator) 


Initialized to "0" by a reset. Readable and writable. 


Note: The PCS1 bit setting is ignored in 8-bit prescaler + 8-bit PPG mode and 16-bit PPG mode. In these 
modes, the count clock for chl of the PPG is received from chO. 


[Bit 13] POE1 (Ppg Output Enable): PPG pin output enable bit 
Controls the external pulse output pin (PPG1) as follows. 


0 General-purpose port pin (pulse output disabled) 
1 PPG1 = pulse output pin (pulse output enabled) 


Initialized to "0" by a reset. Readable and writable. 


[Bit 12] PIE1 (Ppg Interrupt Enable): PPG interrupt enable bit 
Controls PPG interrupt enable as follows. 


0 Interrupts disabled 


1 Interrupts enabled 


When this bit is "1", an interrupt request is generated when PUFI becomes "1". No interrupt request is 
generated if this bit is "0". 


Initialized to "0" by a reset. Readable and writable. 


[Bit 11] PUF1 (Ppg Underflow Flag): PPG counter underflow bit 
The meaning of the PPG counter underflow bit is as follows. 


0 No PPG counter underflow detected. 


1 PPG counter underflow detected. 


In 2-channel 8-bit PPG mode or 8-bit prescaler + 8-bit PPG mode, this bit is set to "1" when an underflow 
occurs in chl (when the counter value changes from 00H to FFH). In single channel 16-bit PPG mode, this 
bit is set to "1" when an underflow occurs in chl/chO (when the counter value changes from 0000H to 
FFFFH). Writing "0" to this bit changes the bit to "0". Writing "1" has no meaning. Reading returns "1" in 
read-modify-write instructions. 


Initialized to "0" by a reset. Readable and writable. 
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[Bits 10, 9] MD1, 0 (PPG count MoDe): Operation mode selection bits 
Selects the operating mode of the PPG timer as follows. 


MD1 MDO Operation Mode 
0 0 2-channel independent 8-bit PPG mode 
0 1 Single channel 8-bit prescaler + 8-bit PPG mode 
1 0 Reserved (prohibited setting) 
1 1 Single channel 16-bit PPG mode 


Initialized to "00" by a reset. Readable and writable. 


Note: Do not set these bits to "10". 

Note: Do not set the PENO bit of PPGCO and the PEN1 bit of PPGC1 to "01" when the MD bits are set to 
"O1". Setting the PENO and PEN] bits to "11" or "00" is recommended. 

Note: When setting the MD bits to "11", write to PPGCO and PPGC1 using a word write and set the 
PENO and PENI bits to "11" or "00" at the same time. 


[Bit 8] Reserved bit. Always set to "1" when setting PPGC1. 


(3) PRLL/PRLH (Reload registers) 


15 14 3 12 11 10 9 8 © Bit No. 
Reload register H aris 


Address: ch0 000035H 
ch1 000037H 


- PRLH 


Read/write 
Initial value 


(RW) (RAW) (RAW) (RAW) (RAW) (RW) (RW) (RW) 
(X) (X) (X) (X) (X) (X) (X) (X) 


> 
> 


Reload register L 


Address: ch0 000034H 
ch1 000036H 


Read/write > (RW) (RAW) (RAW) (RAW) (RW) (RW) (RW) (RW) 
Initial value <> (xy) (x) (  (&  (& & &~ & 


Two 8-bit registers that store the reload values loaded to the down-counter PCNT. The registers are used 


as follows. 
Register Function 
PRLL Stores the L-side reload value 
PRLH Stores the H-side reload value 


Both registers are readable and writable. 


Note: The chl PPG waveform may be different for each cycle if different values are set in PRLL and 
PRLH for chO when using 8-bit prescaler + 8-bit PPG mode. Therefore, setting the same value in 
both chO registers (PRLL and PRLH) is recommended. 
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2.6.4 Operation 


The block consists of two 8-bit PPG units. The two channels can be used independently (2-channel 
independent mode) or linked for 8-bit prescaler + 8-bit PPG mode or single-channel 16-bit PPG mode. 
This gives a total of three different operation modes. 


Both 8-bit PPG units have L-side and H-side 8-bit reload registers (PRLL and PRLH). The values written 
to these registers are used alternately to reload the 8-bit down-counter (PCNT) for the L-side and H-side 
counts respectively. The PCNT value is down-counted with each count clock until a borrow triggers a 
reload and inverts the output pin (PPG) level. As a result of this operation, the output pin (PPG) outputs 
pulses with an H-width and L-width determined by the reload register values. 


Operation is started or re-started by writing to a register bit. 


The following table shows the relationship between the reload operation and pulse output. 


Table 1 Relationship Between Reload Operation and Pulse Output 


Reload Operation Output Change at Pin 
PRLH > PCNT PPGO/1 [0 > 1] _F Rise 
PRLL > PCNT PPGO/1 [1 > 0] 7 Fall 


Also, when bit 4 (PIEO) of PPGCO or bit 12 (PIE1) of PPGC1 is "1", an interrupt request is output when 
the corresponding borrow occurs as the counter value changes from OOH to FFH. (For 16-bit PPG mode, 
the borrow occurs as the counter value changes from 0000H to FFFFH.) 


(1) Operation modes 


The block has a total of three different operation modes: 2-channel independent mode, 8-bit prescaler + 8- 
bit PPG mode, and single-channel 16-bit PPG mode. 


In 2-channel independent mode, the two channels operate as independent 8-bit PPGs. The PPG output of 
chO is connected to the PPGO pin and the PPG output of chl is connected to the PPG1 pin. 


In 8-bit prescaler + 8-bit PPG mode, chO operates as an 8-bit prescaler and chl counts on each ch0 borrow. 
This operation mode produces a variable-period 8-bit PPG waveform output. The prescaler output of chO 
is connected to the PPGO pin and the PPG output of ch1 is connected to the PPG1 pin. 


In single-channel 16-bit PPG mode, the upper and lower registers of chO and ch1 are linked to operate as a 
single 16-bit PPG. (That is, the PRLLO and PRLL1 registers and the PRLHO and PRLH1I registers are 
linked.) The 16-bit PPG output is connected to both the PPGO and PPGI1 pins. 


(2) PPG output operation 


Set "1" to bit 7 (PENO) of the PPGCO (PPG operation mode control) register or bit 15 (PEN1) of the 
PPGC1 register to activate PPGO or PPGI respectively and start counting. After starting operation, writing 
"0" to bit 7 (PENO) of the PPGCO register or bit 15 (PEN1) of the PPGC1 register stops count operation 
and holds the pulse output at the "L" level. 
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In 8-bit prescaler + 8-bit PPG mode, do not start chl operation when ch0 is stopped. 


In single-channel 16-bit PPG mode, always start or stop operation by bit 7 (PENO) of the PPGCO register 
and bit 15 (PEN1) of the PPGC1 register together. 


The following describes PPG output operation. 


Variable frequency and duty ratio pulse waveforms are output continuously during PPG operation. (The 
duty ratio is the ratio of the H-level and L-level durations in the pulse waveform.) Once started, PPG pulse 
waveform output does not stop until operation stop is specified. 


PEN 

Output start by PEN 

(starts from L-side) 
Output pin : 
PPG —— eas | ae Re 

_———\__S —_ YQ, 
T x (L+1) T x (H+1) 
(Start) L: PRLL value 


H: PRLH value 

T: Peripheral clock (, 6/4, or 6/16) 
or 
Input from timebase counter 
(Set by the PPGC clock selection.) 


Fig. 1.0.3 Figure 2.6.3 PPG Output Operation and Output Waveforms 


(3) Relationship between the reload values and pulse width 


The output pulse width is the product of the value written in the reload register + 1 and the count clock 
period. Note that a reload register value of OOH for 8-bit PPG operation or OOOOH for 16-bit PPG operation 
generates a pulse width of one count clock cycle. Also, a reload register value of FFH in 8-bit PPG 
operation generates a pulse width of 256 count clock cycles and a reload register value of FFFFH in 16-bit 


PPG operation generates a pulse width of 65536 count clock cycles. The pulse width is calculated as 
follows. 


L: PRLL value 

H: PRLH value 

Ph = Tx(H+1) T: Input clock period 
Ph: H-side pulse width 


PI: L-side pulse width 


PI = Tx(L+1) 


(4) Count clock selection 


This block can select from four count clock inputs, using either the peripheral clock or timebase counter 
input. (ch1 of the PPG can only select from two count clocks.) 
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When bits 2 and 1 (PCM1, 0) of the PPGCO register are "00", the count clock counts once for each 
peripheral clock count. 


When bits 2 and 1 (PCM1, 0) of the PPGCO register are "01", the count clock counts once for each four 
peripheral clock counts. 


When bits 2 and 1 (PCM1, 0) of the PPGCO register are "10", the count clock counts once for each 16 
peripheral clock counts. 


When bits 2 and 1 (PCM1, 0) of the PPGCO register are "11", the count clock counts once for each 
timebase counter input. 


When bit 14 (PCS1) of the PPGC1 register is "0", the count clock counts once for each peripheral clock 
count. 


When bit 14 (PCS1) of the PPGC1 register is "1", the count clock counts once for each timebase counter 
input. 


However, bit 14 (PCS1) of the PPGC1 register has no meaning in 8-bit prescaler + 8-bit PPG mode and 
16-bit PPG mode. In these modes, chl of the PPG receives its count clock from ch0. 


When using the timebase counter input, note that the count period may vary for the first count after 
activation by the trigger or the first count after a stop. The period may also vary if the timebase counter is 
cleared during operation of this module. 


Also, when using 8-bit prescaler + 8-bit PPG mode, note that the period of the first count may vary if chO 
is already operating when chl is changed from stopped to activated. 


(5) Controlling pulse output from the pin 
The pulse outputs generated by this module can be output from external pins PPGO and PPG1. 


Bit 5 (POEO) of PPGCO enables external output from pin PPGO and bit 13 (POE1) of PPGC1 enables 
external output from pin PPG1. When these bits are set to "0" (initial value), pulse output from the external 
pin is disabled and the pin functions as a general-purpose port. Setting the bits to "1" enables pulse output 
from the external pin. 


As PPGO and PPG1 output the same waveforms in 16-bit PPG mode, enabling either of these external 
output pins produces the same output. 


In 8-bit prescaler + 8-bit PPG mode, PPGO outputs the toggle waveforms from the 8-bit prescaler and 


PPG1 outputs the 8-bit PPG waveforms. The following shows an example of the output waveforms in this 
mode. 
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LO: PRLL value for chO or 
PIO = T x (LO+1) PRLH value for chO 

L1: PRLL value for ch1 
PhO = T x (LO+1) H1: — PRLH value for ch1 


< T: Input clock period 

PhO: H pulse width for PPGO 
PIO: L pulse width for PPGO 
Phi: H pulse width for PPG1 
Pi: —L pulse width for PPG1 


Plt = T x (LO+1) x (L141) 


Phi =T x (LO+1) x (H1+1) 


Note: Setting the same value to PRLL and PRLH for chO is recommended. 
Fig. 1.0.4 8+8 PPG Output Operation and Output Waveforms 


(6) Interrupts 


The interrupts for this module become active when the reload value counts-out and a borrow occurs. 


In 2-channel 8-bit PPG mode and 8-bit prescaler + 8-bit PPG mode, interrupt requests are generated for 
each counter borrow. In 16-bit PPG mode, PUFO and PUF1 are set simultaneously by the 16-bit counter 
borrow. Therefore, enabling only one of PIEO and PIE1 is recommended so as to produce only one source 
of interrupt. Clearing the sources of interrupt in both PUFO and PUF1 is also recommended. 


(7) Initial values for each hardware element 


The hardware elements in this block are initialized by a reset as follows. 
<Registers> 
¢ PPGCO > 0X000001B 


¢ PPGC1 > 00000001B 


<Pulse output> 

PPGO > "L" 

PPG1 > "L" 

POEO > PPGO output inhibit 

POE! > PPGI output inhibit 
<Interrupt request> 

IRQO > "L" 

IRQ1 > "L" 


Hardware elements other than those listed above are not initialized. 
Note: Write timings to the reload register 
Writing to the reload registers (PRLL and PRLH) using word move instructions is recommended in modes 


other than 16-bit PPG mode. Writing using two byte transfer instructions may result in output of an 
unexpected pulse width, depending on the timing. 
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gt) Sr 
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(1) 


Fig. 1.0.5 Write Timing Timechart 


If the value of PRLL is changed from A to C before timing (1) on the timechart and the value of PRLH is 
changed from B to D after timing (1), the value of PRL at timing 1 is PRLL=C and PRLH=B. This results 
in the output of one pulse cycle with an L pulse width of C counts and an H pulse width of B counts. 
Similarly, in 16-bit PPG mode, write to the PRL registers for chO and chl using a long word move 
instruction, or write to chO first and chl second using word move instructions. In this mode, writing to the 
chO PRL register only performs a temporary write. The actual write to the chO PRL register is performed at 
the same timing as the write to the chl PRL register. 


In modes other than 16-bit PPG mode, the PRL registers for chO and chl can be written to independently. 


Write data for the chO PRL register Write data for the ch1 PRL register 


Temporary latch 


In 16-bit PPG mode, move at the ; 
same timing as the write to ch1. Write to ch1 


chO PRL register chi PRL register 


Fig. 1.0.6 Block Diagram of the Steps for Writing to PRL 


Writing to chO in modes 
other than 16-bit PPG mode 


Note: The PPGO and PPGI1 pins are shared with other functions. Unless done intentionally, halt input 
(INTS and INT6) to the pins from other functions. 


115 


2.7 16-Bit Reload Timer (With Event Count Function) 


2.7 16-Bit Reload Timer (With Event Count Function) 


The 16-bit reload timers consists of a 16-bit down-counter, a 16-bit reload register, one input (TIN) and 
one output (TOT) pin, and a control register. The input clock can be selected from one external clock and 
three types of internal clock. The output pin (TOT) outputs a toggle waveform in reload mode and a 
rectangular waveform during counting in one-shot mode. The input pin (TIN) functions as the event input 
in event count mode and as the trigger input or gate input in internal clock mode. 


This product has two internal 16-bit reload timer channels. 


2.7.1 Registers 


Address: a 000039H 
c 


1 00003DxH 
Read/write => - - 2 - (RW) (R/W) (R/W) (RW) 
Initial value > - - ; (0) (0) (0) (0) 


Timer control status register flower): 


Address: ch0 000038H 
ch1 00003CH 


Read/write 
Initial value 


eouy 


16-bit timer register (upper)/ 
16-bit reload register (upper) 


Address: eng 00003BH 

1 00003FH 
= 
= 


Read/write 
Initial value 


16-bit timer register (lower)/ 
16-bit reload register (lower) 


Address: i 00003AH | 
go003EH ee ee deal 


Read/write © (RWW) (RW) (RW) (RAV) (RAW) (RW) (RW) (RW) 
Initial value <> (xy) (x) () & & & &®~ ®& 
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2.7.2 Block Diagram 


SN@19l-OWes 


2.7 16-Bit Reload Timer (With Event Count Function) 


Z/|OQ;0 
a 4.54 
7) lm 


CSL1 
Clock selector iz CNTE 
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IN CTL 
EXCK 
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Output enable 
Port (TOT) 


MA 


Clear 
Serial baud rate 


Peripheral clock AIDG 


Fig. 2.7.1 Block Diagram 


117 


2.7 16-Bit Reload Timer (With Event Count Function) 


2.7.3 Register Details 
(1) TMCSR (Timer control status register) 
H Register layout 


15 14 13 12 11 10 9 8 © Bit No. 
Timer control status register (upper) move 
Address: ene 000039H 
1 00003DH 
Read/write => - - - - (R/W) (R/W) (R/W) (R/W) 
Initial value => - - - 5 (0) (0) (0) (0) 
— Ss — s 3 2 1 0 © Bit No. 


Timer control status register (lower) 


Address: ch0 000038 oe | -"| 

sm BHI] [NooooureTour [aw [wre [oF ore] Te f=! ese 
Readiwrite © (RW) (RW) (RW) (RAW) (RM) (RW) (RW) (RW) 
Initial value © (0) (0) (0) (0) (0) +) # ©) © (0) 


@ Register contents 
Controls the operation mode and interrupts for the 16-bit timer. Only modify bits other than UF, CNTE, 
and TRG when CNTE = "0". 


@ Bit meanings 
[Bits 11, 10] CSL1, CSLO (Clock SeLect 1, 0) 
The count clock select bits. Table 2.7.1 lists the clock source selections. 


Table 2.7.1 CSL Bit Clock Source Settings 


CSL1 CSLO Clock Source (Machine cycle 6 = 16 MHz) 
0 0 0/2! (0.125 us) 
0 1 0/23 (0.5 us) 
1 0 0/25 (2.0 us) 
1 1 External event count mode 
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[Bits 9, 8, 7] MOD2, MOD1, MODO 


2.7 16-Bit Reload Timer (With Event Count Function) 


These bits set the operation mode and I/O pin functions. 


The MOD2 bit selects the I/O functions. When MOD2 = "0", the input pin functions as a retrigger input. In 
this case, the reload register is loaded to the counter when an active edge is input to the input pin and count 
operation proceeds. When MOD2 = "1", the timer operates in gate counter mode and the input pin 
functions as a gate input. In this mode, the counter only counts while an active level is input to the input 


pin. 


The MODI, 0 bits set the pin functions for each mode. Tables 2.7.2 and 2.7.3 list the MOD2, 1, 0 bit 


settings. 


Table 2.7.2 MOD2, 1, 0 Bit Settings (1) 
Internal clock mode (CSLO, 1 = "00", "01", or "10") 


MOD2 MOD1 MODO Input Pin Function Active Edge or Level 
0 0 0 Trigger disabled - 
0 0 1 Trigger input Rising edge 
0 1 0 tT Falling edge 
0 1 1 tT Both edges 
1 x 0 Gate input "L" level 
1 x 1 tT "H" level 


Event counter mode (CSLO, 1 = "11") 


Table 2.7.3 MOD2, 1, 0 Bit Settings (2) 


MOD2 MOD1 MODO Input Pin Function Active Edge or Level 
0 0 - ; 
0 1 Trigger input Rising edge 
‘ 1 0 tT Falling edge 
1 1 tT Both edges 


Note: Bits marked as x in the table can be set to any value. 


[Bit 6] OUTE 


Output enable bit. The TOT pin functions as a general-purpose port when this bit is "0" and as the timer 
output pin when this bit is "1". In reload mode, the output waveform toggles. In one-shot mode, TOT 
outputs a rectangular waveform that indicates when counting is in progress. 


119 


2.7 16-Bit Reload Timer (With Event Count Function) 


120 


[Bit 5] OUTL 
This bit sets the output level for the TOT pin. When OUTL is "0" or "1", the output pin level is opposite. 


Table 2.7.4 OUTE, RELD, and OUTL Settings 


OUTE RELD OUTL Output Waveform 
0 X Xx General-purpose port 
1 0 0 Output an "H" rectangular waveform during counting. 
1 0 1 Output an "L" rectangular waveform during counting. 
1 1 0 Toggle output. "L" level at count start. 
1 1 1 Toggle output. "H" level at count start. 


[Bit 4] RELD (RELoaD) 

This bit enables reload operations. When RELD = "1", the timer operates in reload mode. In this mode, the 
timer loads the reload register contents into the counter and continues counting whenever an underflow 
occurs (when the counter value changes from O0000H to FFFFH). When RELD = "0", the timer operates in 
one-shot mode. In this mode, the count operation stops when an underflow occurs due to the counter value 
changing from 0000H to FFFFH. 


[Bit 3] INTE (INTerrupt Enable) 
Timer interrupt request enable bit. When INTE is "1", an interrupt request is generated when the UF bit 
changes to "1". When INTE is "0", no interrupt request is generated when the UF bit changes to "1". 


[Bit 2] UF (UnderFlow) 

Timer interrupt request flag. UF is set to "1" when an underflow occurs (when the counter value changes 
from 0000H to FFFFH). Cleared by writing "0" or by the intelligent I/O service. Writing "1" to this bit has 
no meaning. Read as "1" by read-modify-write instructions. 


[Bit 1] CNTE (CouNT Enable) 
Timer count enable bit. Writing "1" to CNTE sets the timer to wait for a trigger. Writing "0" stops count 
operation. 


[Bit 0] TRG (TRiGger) 

Software trigger bit. Writing "1" to TRG applies a software trigger, causing the timer to load the reload 
register contents to the counter and start counting. Writing "0" has no meaning. Reading always returns 
"0". Applying a trigger using this register is only valid when CNTE = "1". Writing "1" has no effect if 
CNTE = "0". 


Chapter 2: Hardware 


2.7 16-Bit Reload Timer (With Event Count Function) 


(2) TMR (16-bit timer register)/TMRLR (16-bit reload register) 
#@ Register layout 


16-bit timer register (upper)/ 15 14 13 12 11 10 9 8 © Bit No. 
16-bit reload register (upper) Pe 


Address: ch0 00003BH } 
Cc 


h1 00003FH 


Read/write 2 (R/W) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value > (XxX) (Xx) (Xx) (xX) (X)  (&) (~~ &) 


16-bit timer register (lower)/ 
16-bit reload register (lower) 


Address: ch0 00003AH oa 
ch1 00003EH 


Read/write > 
Initial value & 


@ TMR contents 
Reading this register reads the count value of the 16-bit timer. The initial value is undefined. Always read 


this register using word move instructions. 
@ TMRLR contents 


The 16-bit reload register holds the initial count value. The initial value is indeterminate. Always write to 
this register using word move instructions. 
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2.7 16-Bit Reload Timer (With Event Count Function) 


2.7.4 Operation 
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(1) Internal clock operation 


The machine clock divided by 2!, 23, or 25 can be selected as the clock source when operating the timer 
from an internal clock. The external input pin can be selected as either a trigger input or gate input by a 
register setting. 


Writing "1" to both the CNTE and TRG bits in the control register enables and starts counting 
simultaneously. Using the TRG bit as a trigger input is always available when the timer is enabled (CNTE 


="1"), regardless of the operation mode. 


Figure 2.7.2 shows counter activation and counter operation. A time period T (T: machine cycle) is 
required from the counter start trigger being input until the reload register data is loaded into counter. 


Count clock a tal 
Counter X Reloaddata XX A X A X 1 
Data load | |e) gee 
CNTE (register) -___|-=z—_..—-.—~<—sS—S 
TRG (register) | 


«dt 


Fig. 2.7.2 Counter Activation and Operation 


Chapter 2: Hardware 


2.7 16-Bit Reload Timer (With Event Count Function) 


(2) Underflow operation 


An underflow is defined for this timer as the time when the counter value changes from 0000H to FFFFH. 
Therefore, an underflow occurs after (reload register setting + 1) counts. 


If the RELD bit in the control register is "1" when the underflow occurs, the contents of the reload register 
is loaded into the counter and counting continues. When RELD is "0", counting stops with the counter at 


FFFFH. 


The UF bit in the control register is set when the underflow occurs. If the INTE bit is "1" at this time, an 
interrupt request is generated. 


Figure 2.7.3 shows the operation when an underflow occurs. 


Count clock AD we et ee a 9 
Counter 0000H Reload data i a ae 4 


Data load 
Underflow set 


[RELD=1] 


Count clock 
Counter X  0000H \ FFFFH 


Underflow set 


[RELD=0] 


Fig. 2.7.3 Underflow Operation 
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2.7 16-Bit Reload Timer (With Event Count Function) 


(3) Input pin functions (for internal clock mode) 


The TIN pin can be used as either a trigger input or a gate input when an internal clock is selected as the 
clock source. When used as a trigger input, input of an active edge causes the timer to load the contents of 
the reload register into the counter, clear the internal prescaler, and start counting. Input a pulse width of at 
least 2xT (T is the machine cycle) to TIN. Figure 2.7.4 shows the operation of trigger input. 


Count clock i = Mg =e Sls i seal 
TIN J isingecge detected 
Prescaler clear ee | 
Load ee Oe | a 


'<«- — 
2T to 2.5T 


Fig. 2.7.4 Trigger Input Operation 


When used as a gate input, the counter only counts while the active level specified by the MODO bit of the 
control register is input to the TIN pin. The count clock operates continuously during this time. The 
software trigger can be used in gate mode, regardless of the gate level. Input a pulse width of at least 2xT 
(T is the machine cycle) to the TIN pin. Figure 2.7.5 shows the operation of gate input. 


Count clock 


TIN When MODO = "1" (Count when "H" is input) 


Fig. 2.7.5 Gate Input Operation 


(4) External event counter 


The TIN pin functions as an external event input pin when an external clock is selected. The counter 
counts on the active edge specified in the register. Input a pulse width of at least 4xT (T is the machine 
cycle) to the TIN pin. 
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2.7 16-Bit Reload Timer (With Event Count Function) 


(5) Output pin functions 


In reload mode, the TOT pin performs toggle output (inverts at each underflow). In one-shot mode, the 
TOT pin functions as a pulse output that outputs a particular level while the count is in progress. The 
OUTL bit of the control register sets the output polarity. When OUTL = "0", the initial value for toggle 
output is "0" and the one-shot pulse output is "1" while the count is in progress. The opposite levels are 
output when OUTL = "1". 


* Count start 


Underflow ‘ 


v 


TOT The opposite levels are 
output when OUTL = "1". 
General-purpose 
CNTE pot f 
Trigger eo Cs 


[RELD=1, OUTL=0] 


Fig. 2.7.6 Output Pin Functions (1) 


Underflow 
The opposite levels 
TOT are output when 
‘ General-purpose port OUTL ="1", : 
CNTE 
Trigger 


‘we - - Waiting for a trigger - - >; 


[RELD=0, OUTL=0] 


Fig. 2.7.7 Output Pin Functions (2) 
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2.7 16-Bit Reload Timer (With Event Count Function) 
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(6) Intelligent I/O service (I20S) function and interrupts 


The timer includes a circuit that supports I?OS. The timer can activate OS when an underflow occurs. 
I?OS can be used with both timers on this product. However, as both timers (chO and ch1) are connected to 
the same interrupt control register (ICRx) in the interrupt controller, chO and ch1 cannot be assigned to 
different I?OS services. Also, as the two timers have different interrupt vectors, they can be assigned to 
different interrupt services. However, as chO and chl1 share an interrupt control register as described 
above, the same interrupt level applies to both channels. 


(7) Counter operation state 


The counter state is determined by the CNTE bit in the control register and the internal WAIT signal. 
Available states are: CNTE = "0" and WAIT = "1" (STOP state), CNTE = "1" and WAIT = "1" (WAIT 
state), and CNTE = "1" and WAIT = "0" (RUN state). Figure 2.7.8 shows the transitions between each 
state. 


aay tate transitions by hardware 


STOP CNTE=0, WAIT=1 
Counter: Stores the value 


when counting stopped. 
Indeterminate after a reset. 


——— State transitions by register access 


CNTE=1, WAIT=1 


Counter: Stores the value 
when counting stopped. 


Indeterminate after a reset 
until loaded. 


RUN CNTE=1, WAIT=0 


Counter: Running 


RELD-UF 


RELD-UF 


LOAD CNTE=1, WAIT=0 
Load contents of the reload 
register to the counter. 


Load complete 


Fig. 2.7.8 Counter State Transitions 
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2.8 Chip Select Function 


2.8 Chip Select Function 
2.8.1 Outline 


This module generates chip select signals to simplify connection of memory or I/O devices. The module 
has 8 chip select output pins. The hardware outputs the chip select signals from the pins when it detects 
access of an address in the areas specified in the pin registers. 


2.8.2 Block Diagram 


Address (from CPU) 
7 


A23 A1i6 A15  A08 A07 AOO0 


Address decoder 


Decode signal 


Program area 


wee Decode 


gs «8 C50 
pes Rete tke (For the program ROM area) 


Selection setting 
Selection setting 


Selector 


Chip select control register 0 
Chip select control register 1 


CS1 


Chip select control register 6 


Chip select control register 7 


Fig. 2.8.1 Block Diagram of Chip Select 
2.8.3 Registers 


hi | ntrol register 
Chip select control registe' 15 14 1 


13. «12 10 9 8 
IF dh ell = =| ACTL | OPEL | CSA1 | CSAO | (odd numbers: CSCR1, 3, 5, and 7) 


H 
00004DH 


Address: 000049H 
00004B } 
00004FH 


Address: papeate 


7 6 5 4 3 2 1 0 

0 

00004CH } ea ee) = ACTL | OPEL | CSA1 | Csao | (even numbers: CSCRO, 2, 4, and 6) 
00004EH 
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2.8 Chip Select Function 


2.8.4 Register Details 
O Chip select control registers (CSCRO to 7) 


15/07 14/06 13/05 12/04 11/03 10/02 09/01 08/00 «© BitNo. 


P= T= [= [= [een [oret[osai esto] sora 7 
: - : 0 0 0 


0 Initial value 
R/W R/W R/W Rw__ Read/write 


[Bits 15/07 to 12/04]: Unused bits 
Unused bits. The read value is undefined. 


[Bit 11/03]: ACTL 
These bits set the active level for pins CSO to 7. Set as follows. 
"0": Output "L" from the CSO to 7 pin when an address is decoded. 


"1": Output "H" from the CSO to 7 pin when an address is decoded. 


[Bit 10/02]: OPEL (Pin output is always enabled for CSO.) 
These bits enable or disable external output for pins CS1 to 7. The settings are as follows. Note that CSO is 
always enabled and so setting is not necessary. 

"0": Disable decoding output from the CS1 to 7 pin. 


"1": Enable decoding output from the CS1 to 7 pin. 


[Bits 09/01 to 08/00]: CSA1, CSAO 
These bits select the address decode range (ROM, RAM, or external circuit) for each chip select pin. See 
Table 2.8.1 for details of the ranges and sizes. 


2.8.5 Operation 


O When the CPU accesses program or data, the chip select module decodes the highest and lowest order 
bytes of the address and activates the chip select signals based on the output setting registers. 


[Example 1] Address 11101110 00000001 00100011 (EE0123H) 
ia a 
cst 


Select 


cs2 
Register setting (CSCRO) ----0010 Cs3 


[Example 2] 
Address 11110110 00000000 00100011 (F60023H) 
CS1 (Active) 
Register setting (CSCRO) ----0010 Select 
cs2 
Register setting (CSCR1) ----0010 CS3 
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2.8 Chip Select Function 


O This module's chip select function sets the CSO to 7 pin signals to active when the CPU accesses an area 

specified by the CSA1 and CSAO bits in the output setting register. The table below lists the bit settings. 
O Output can be masked by setting the OPEL bit in the output setting register. 
O The active level of the CSO to 7 pins can be changed using the ACTL bit in the output setting register. 


Table 2.8.1 Address Decoding Areas 


CSA i 
Pin Decode Area Alea Size Remarks 
1 0 (Bytes) 
0 0 | FOOO00H to FFFFFFH 1 Mbyte 
0 | 1 | F80000Hto FFFFFFH | 512 Kbyte ages aclve whoa program 
CSO ROM area or program vector 
1 O | FEQ000H to FFFFFFH 128 Kbyte teichvoceurs: 
1 1 - For future use 
0 0 | E00000H to EFFFFFH 1 Mbyte 
0 | 1 | FO0000Hto F7FFFFH | 512 Kbyte Use tor data ROM er BAM 
CS1 areas, or for external 
1 0 | FCO000H to FDFFFFH | 128 Kbyte circuits: 
1 1 68FF80H to 68FFFFH 128 byte 
0 0 - For future use 
0 | 1 | FAQO00Hto FBFFFFH | 128 Kbye econ data ROM Onn AM 
CS2 areas, or for external 
1 O | 68FF80H to 68FFFFH 128 byte chews: 
1 1 68FFOOH to 68FF7FH 128 byte 
0 0 | F80000H to FOFFFFH 128 Kbyte 
Cs$3 0 1 68FFOOH to 68FF7FH 128 byte Use for I/O or RAM areas, or 
1 0 | 68FE80H to 68FEFFH 128 byte for external circuits. 
1 1 0000COH to OOOOFFH 64 byte 
0 0 - For future use 
oe 0 1 68FE80H to 68FEFFH 128 byte Use for I/O or RAM areas, or 
1 0 | 0O00COH to OOOOFFH | 64 byte for external circuits. 
1 1 OOOOEOH to OOOOFFH 32 byte 
0 0 | 68FF80H to 68FFFFH 128 byte 
Css 0 1 0000COH to OOOOFFH 64 byte Use for I/O or RAM areas, or 
1 0 | O0000E0H to OOOOFFH 32 byte for external circuits. 
1 1 0000D8H to OOOODFH 8 byte 
0 0 | 68FFOOH to 68FF7FH 128 byte 
CS6 0 1 0000COH to OOOOFFH 64 byte Use for I/O or RAM areas, or 
1 0 | O0000E0H to OOOOFFH 32 byte for external circuits. 
1 1 OO00DOH to 0000D7H 8 byte 
0 0 | 0000CO] to OOOOFFH 64 byte 
C87 0 1 OOO0E0H to OOOOFFH 32 byte Use for I/O or RAM areas, or 
1 0 | 0O00C8H to OOOOCFH | 8 byte for external circuits. 
1 1 


For future use 
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2.8 Chip Select Function 


<NOTE > 


¢ As the CSO pin outputs the decode signal for the program vector fetch after a reset (initial state) 
(from the 128Kbyte program ROM region between FEOOOOH and FFFFFFH), always use this pin 
for program ROM. The active output level for this pin is "L". 


¢ As the chip select decode signal pins are initialized as port inputs, you must set each setting 
register explicitly. (Except for the CSO pin which is a dedicated pin and does not need to be set.) 
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2.8 Chip Select Function 


0011 -011 0011 -011 0011 0011 
cio. | oor | tor | ovr | ot | ovo | oto 


FFFFFF 
FE0000H 
FCOO00H 
FA0000H 
F80000H 


FOO000H 
E00000H 
oO 
o 
< 
(79) 
o 690000H 
S| 68FF80H 
< 


68FFOOH 
68FE80H 


000100H 


O0O000E0H 
0000D8H 
0000D0H 
0000C8H 
0000COH 


000000H 


Fig. 2.8.2 Address Decoding Map 
(See Table 2.8.1 for the details of the decoding areas) 


RSTX 

CSO <———i 7 t~<“‘; ; ;;CSC 

Address output — ee 
Fig. 2.8.3 CSO Output after Release of a Reset 
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2.9 DTP/External Interrupts 


2.9 DTP/External Interrupts 


The DTP (Data Transfer Peripheral) is a peripheral block that interfaces external peripherals to the F2MC- 
16L CPU. The DTP receives DMA and interrupt processing requests from external peripherals and passes 
the requests to the F*MC-16L CPU to activate the extended intelligent I/O service or interrupt processing. 
Two request levels ("H" and "L") are provided for extended intelligent I/O. For external interrupt requests, 
generation of interrupts on a rising or falling edge as well as on "H" and "L" levels can be selected, giving 
a total of four types. 


2.9.1 Registers 


Interrupt/DTP enable register © Bit No. 


raves owes, Tow Tew [ee Tew [ee Tee Teneo] evr 


Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)(R/W)_(R/W) 
Initial value > (0) (0) (0) (0) (0) (0) (0) (0) 


Interrupt/DTP register < Bit No. 


14 11 
sows oem, [env Tere [ers [em [em [ew [en perm] orn 


Read/write > (R/W) (RW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value <> (0) (0) (0) (0) (0) (0) (0) (0) 


Request level setting register (upper) 14 11 © Bit No. 
ste ences” [usr [oar [ww [was [oes [vs [woe [| 
Read/write > (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)  (R/W)_ (R/W) 
Initial value => (2) =©(0) =6©(0))~—)—i)— ss Q) 
Request level setting register (lower) < Bit No. 


sees oes [uss [us [oe [ue [sso [uo eum 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) (RW) 
Initial value > (0) (0) (0) (0) (0) (0) (0) (0) 


2.9.2 Block Diagram 


F2MC-16L bus 


ae pe! Interrupt/DTP enable register 


| Gate | {interrupt source FF | source F/F | Edge detect circuit | detect circuit | Edge detect circuit Jug¢* | Request input 
Interrupt/DTP sources register 


Request level setting register 


Interrupt input 


Fig. 2.9.1 Block Diagram 
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2.9 DTP/External Interrupts 


2.9.3 Register Details 
(1) ENIR (Interrupt/DTP enable register) 
H Register layout 


Interrupt/DTP enable register © Bit No. 


raves oss “Tew Tew [ae [ew Teo Tee Ten ee] ew 


Read/write >  (R/W) (RAW) (RW) (RW) (RW) (RW) (RW) (RW) 
Initial value <> (0) (0) (©) ©) (0) #£©) #£©)~»§ (0) 


@ Register contents 
The ENIR register enables or disables the function that generates interrupt requests to the interrupt 


controller using device pins as external interrupt or DTP request inputs. Writing "1" to a register bit sets 
the corresponding pin as an external interrupt or DTP request input and enables the generation of interrupt 
requests to the interrupt controller. Pins corresponding to bits set to "0" hold external interrupt or DTP 
request inputs but do not pass the request to the interrupt controller. 


(2) EIRR (Interrupt/DTP register) 
# Register layout 


Interrupt/DTP register © Bit No. 


14 11 
Mowe: orem [ent [ew [ew [ew [ew [ew [em [em] orm 


Read/write = (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) 
Initial value > (0) (0) (0) (0) (0) (0) (0) (0) 


@ Register contents 
Reading EIRR indicates whether any external interrupt or DTP requests are present. Writing to EIRR 


clears the value of the flip-flop that indicates the request. Bits that have the value "1" on reading the 
register indicate that an external interrupt or DTP request for the corresponding pin is present. Writing "0" 
to bits in this register clears the request flip-flop for the corresponding bit. Writing "1" has no effect. 
Always read as "1" by read-modify-write type instructions. 


Note: When interrupts are enabled, only write "0" to the bit that is set to "1". Avoid unconditionally 
clearing other flag bits when clearing the interrupt flag bit for a received interrupt. 
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2.9 DTP/External Interrupts 


(3) ELVR (Request level setting register) 
H Register layout 


Request level setting register (upper) 


14 11 
ness conems ” [eer [oar [oor [uns [uae [us [woe [os | 


© Bit No. 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W)  (R/W) (R/W) ss (R/W) 
Initial value <> (0) (0) (0) (0) (0) (0) (0) (0) 
Request level setting register (lower) © Bit No. 


Mone oom [oS Ts [we [oe [oe a 


Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RW) 
Initial value > (0) (0) (0) (0) (0) (0) (0) (0) 


@ Register contents 

The ELVR register selects how to detect requests. The selection for each pin is set using two bits as shown 
below. If level-detection is selected for a pin, clearing the request when the active level is input causes the 
request to be set again. 


Table 2.9.1 ELVR Settings 
LBx LAx Operation 


Generate a request when an input is "L" level. 
Generate a request when an input is "H" level. 
TGenerate a request at a rising edge. 
Generate a request at a falling edge. 


-=-3 OO 
-—-O- Oo 


2.9.4 Operation 
(1) External interrupt operation 


If the request specified in the ELVR register is input to a pin after the pin has been set for external 
interrupts, the resource generates an interrupt request signal to the interrupt controller. The interrupt 
controller prioritizes any simultaneously occurring interrupts. When the interrupt request from this 
resource has the highest priority, the interrupt controller passes the request to the F-MC-16L CPU. The 
F°MC-16L CPU compares the interrupt request with the ILM bits of the CCR register in the CPU. If the 
priority of the request is higher than the priority set in the ILM bits, the hardware interrupt processing 
microprogram is activated after completion of the currently executing instruction. 
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2.9 DTP/External Interrupts 


External interrupt/DTP Interrupt controller F2MC-16LCPU 


Other request 


Request > 


Fig. 2.9.2 External Interrupt Operation 


Under control of the hardware interrupt processing microprogram, the CPU reads the ISE bit from the 
interrupt controller to identify that the current request is for interrupt processing, then branches to the 
interrupt processing microprogram. The interrupt processing microprogram reads the interrupt vector area, 
sends an interrupt acknowledge to the interrupt controller, and loads the macro instruction branch 
destination address created from the vector into the program counter to execute the user interrupt 
processing program. 


(2) DTP operation 


Set the I/O address pointer and buffer address pointer in the extended intelligent I/O service descriptor as 
part of user program initialization for activating the extended intelligent I/O service. Set the address of a 
register between OOOOOOH and OOFFFFH as the I/O address pointer and set the top address of the memory 
buffer as the buffer address pointer. 


The operation sequence for DTP is exactly the same as for an external interrupt up to the point where the 
CPU activates the hardware interrupt processing microprogram. For DTP, the ISE bit read by the CPU in 
the hardware interrupt processing microprogram specifies DTP operation. This causes control to pass to 
the microprogram for the extended intelligent I/O service. On activation, the extended intelligent I/O 
service sends read or write signals to the external peripheral address and performs data transfer with this 
chip. The external peripheral must remove the interrupt request for the chip within 3 machine cycles of 
performing data transfer. Descriptor updating and similar operations are performed at the completion of 
data transfer, then the interrupt controller generates the signal to clear the sources of transfer. On receiving 
the transfer source clear signal, the DTP/external interrupt resource clears the flip-flop holding the sources 
and waits for the next request from the pin. See "3.3.3 Extended Intelligent I/O Service" for details on 
extended intelligent I/O service processing. 
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2.9 DTP/External Interrupts 


Descriptor 
Internal operation selection and read * For the case when the extended intelligent I/O service 
performs I/O register + memory data transfer. 


Interrupt request 
T Rising edge request or "H" level 


Address bus pin 


Read address Write address 
Data bus pins 


Read signal 


Write signal 


(1) 
; (2) 


Remove within 3 machine cycles 


Fig. 2.9.3 External Interrupt Remove Timing at the Completion of DTP Operation 


Internal bus 


External peripheral address buses 


MEMORY 


Dismiss within 3 machine 
cycles of transfer completion. 
F2MC-16L 


Fig. 2.9.4 Example Interface Circuit with External Peripheral 


(3) Switching between external interrupt requests and DTP requests 


Switching between external interrupt requests and DTP requests is performed by setting the ISE bit in the 
ICR register for the DTP/external interrupt resource. The ICR registers are located in the interrupt 
controller. Separate ICR registers are provided for each pin. Writing "1" to the ISE bit of the ICR register 
for a particular pin specifies DTP request operation. Writing "0" to the ISE bit specifies external interrupt 
request operation. 


Interrupt controller 


F2MC-16 CPU 


Pin |__| Externalinterrup/DTP [ea 


DTP 
External interrupt 


Fig. 2.9.5 Switching Between External Interrupt Requests and DTP Requests 
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2.9 DTP/External Interrupts 


2.9.5 Notes on Use 
(1) Conditions for externally connected peripherals when using DTP 


DTP only supports external peripherals that can automatically clear requests in response to the data 
transfer. If the transfer request is not removed within 3 machine cycles of starting data transfer, the DTP/ 
external interrupt resource treats the request as a new transfer request. 


(2) Recovery from standby 


Specify an "H" level input request when using an external interrupt to recover from the standby state in 
clock stop mode. Using an "L" level request may cause misoperation. The system cannot recover from the 
standby state in clock stop mode by an edge request. 


(3) Operation procedure for external interrupt/DTP 


Use the following procedure to set the registers in the external interrupt/DTP resource. 


. Set the corresponding bit in the enable register to "disabled". 

. Set the corresponding bits in the request level setting register. 

. Clear the corresponding bit in the interrupt/DTP request register. 
. Set the corresponding bit in the enable register to "enabled". 


BRwWN 


(Steps 3 and 4 can be performed simultaneously by a word write.) 
Always set the enable register to "disabled" when setting the resource registers. Also, always clear the 


interrupt/DTP request register before setting the enable register to "enabled". This is to prevent generation 
of a source of unintended interrupt when setting registers or when enabling interrupts. 
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2.9 DTP/External Interrupts 


(4) External interrupt request level 


© A pulse width of at least 3 machine cycles is required to detect an edge when the request level is set to 
edge detect. 


@ When the request level is set to level detect, a request to the interrupt controller remains active even if 
the external request input is removed. This is because external request inputs are held in an internal 


request hold circuit. The internal request hold circuit must be cleared to remove the request to the 
interrupt controller. 


A source of interrupt ——| Level detect Interrupt source F/F Enable gate To interrupt controller 
(source hold circuit) 


Interrupt sources are held until cleared. 


Fig. 2.9.6 Clearing the Interrupt Source Hold Circuit for Level Detect Operation 


"H" level 
A source of interrupt 
Interrupt request to 
the interrupt controller 


as 


Request goes inactive because the interrupt 
sources F/F is cleared. 


Fig. 2.9.7 Interrupt Hold F/F and Interrupt Request to the Interrupt Controller 
When Interrupts are Enabled 


Note: The INT4 to 7 pins are shared with other functions. Unless being done intentionally, halt input or 
output (A/D activation, PPG output) to these pins from other functions. 
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2.10 Delay Interrupt Generation Module 


2.10 Delay Interrupt Generation Module 


The delay interrupt generation module is used to generate the task switching interrupt. Interrupt requests to 
the F7MC-16L CPU can be generated and cleared by software using this module. 


2.10.1 Register 


15 4 ih 10 © Bit No. 
( (-) 


1 13 12 9 8 
moves: owors CT TT >= ~~ [a] 
(-) (-) (-) 


Read/write > = (-) 2) (-) (RW) 
Initial value > = (-) (-) (-) (-) (-) (-) (-) (0) 


2.10.2 Block Diagram 


F2MC-16L bus 


Delay interrupt source generate/clear decoder 


Interrupt source latch 


Fig. 2.10.1 Block Diagram 
2.10.3 Register Details 


(1) DIRR (Delay interrupt source generate/clear register) 
H@ Register layout 


15 14 11 10 © Bit No. 
(-) 


13 12 9 8 
roves: omer [= T- T-T-[-[-[-[™[ 
(-) (-) 


Read/write > = (-) (-) (-) (-) (RW) 
Initial value > — (-) (-) (-) (-) (-) (-) (-) (0) 


@ Register contents 

The DIRR register controls generation and clearing of delay interrupt requests. Writing "1" to the register 
generates a delay interrupt request. Writing "0" to the register clears a delay interrupt request. The register 
is set to the interrupt cleared state by a reset. Either "0" or "1" can be written to the reserved bits. However, 
considering possible future extensions, it is recommended that the set bit and clear bit instructions are used 


for register access. 
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2.10 Delay Interrupt Generation Module 


2.10.4 Operation 


(1) Delay interrupt generation 


When the CPU writes "1" to the RO bit of the DIRR register by software, a request latch in the delay 
interrupt generation module is set and an interrupt request to the interrupt controller generated. If no other 
interrupts are present, or the other interrupts have a lower priority, the interrupt controller passes the 
interrupt request to the FMC-16L CPU. The F7MC-16L CPU compares the interrupt request with the ILM 
bits of the CCR register in the CPU. If the priority of the request is higher than the priority set in the ILM 
bits, the hardware interrupt processing microprogram is activated after completion of the currently 
executing instruction. As a result, the interrupt processing routine for this interrupt is executed. 


Delay interrupt generation module Interrupt controller F*MC-16LCPU 
WRITE 


Other request 


Fig. 2.10.2 Delay Interrupt Generation Operation 


Write "0" to the RO bit in the DIRR register to clear the source of interrupt and perform task switching in 
the interrupt processing routine. 


2.10.5 Notes on Use 
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(1) Delay interrupt request latch 


This latch is set when "1" is written to the RO bit of the DIRR register and cleared by writing "0" to the RO 
bit. Accordingly, interrupt processing is activated again on returning from the interrupt processing routine 
if the routine's software does not clear the source of interrupt. Take care when developing software that 
this situation does not occur. 
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2.11 Watchdog Timer and Timebase Timer Functions 


2.11 Watchdog Timer and Timebase Timer Functions 


The watchdog timer consists of a 2-bit watchdog counter, a control register, and a watchdog reset 
controller. The watchdog counter uses the carry-up signal from the 18-bit timebase timer as its clock 
source. In addition to the 18-bit timer, the timebase timer contains an interval interrupt control circuit. The 
timebase timer uses the main clock, regardless of the value of the MCS bit in the CKSCR register. Figure 
2.11.1 shows the structure of the watchdog and timebase timers. 


2.11.1 Registers 


Watchdog timer control register © Bit No. 
Address: 0000A8H [PONR STBR | west | ERST | SRST WDTC 
Read/write => (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)_(R/W) 
Initial value > (X) (X) (X) (x) (X) (1) (1) (1) 
Timebase timer control register 14 o Bit No. 
Read/write => — (-) (-) (RAW) (RW) (W) (RW) (RW) 
Initial value => = (1) : (-) (0) (0) (1) (0) (0) 
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2.11. Watchdog Timer and Timebase Timer Functions 


2.11.2 Block Diagram 


a Main clock (OSC oscillator) 


Clock input 
Selector , 
Timebase timer 
212 214 216 219 


Timebase 
interrupt 


F*MC-16L bus 


2-bit counter 

| Watchdog reset WDGRST 
Selector OF activation circuit To internal reset 
CLR CLR activation circuit 


From power-on 


From hardware standby 
control circuit 


RSTX pin 


From RST bit of the 
STBYC register 


Fig. 2.11.1 Block Diagram of the Watchdog and Timebase Timers 
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2.11. Watchdog Timer and Timebase Timer Functions 


2.11.3 Register Details 
(1) WDTC (Watchdog timer control register) 
# Register layout 


Watchdog timer control register © Bit No. 


7 6 5 4 3 2 1 0 

rte: common "row [aan [wnsr[enst [arate [wri [wre] wore 
Read/write © (R) (R) ® Pm Rm Ww |W Ww 
Initial value => x &® & & & @ (4) 


Note 1: Do not access this register using read-modify-write instructions as this can cause misoperation. 
@ Register contents 

This register contains various watchdog timer control bits and reset type flag bits. 

@ Bit meaning 


[Bits 7 to 3] PONR, STBR, WRST, ERST, SRST 

Reset type flags. When a reset occurs, these bits are set as shown in Table 2.11.1, depending on the reset 
type. Reading WDTC clears all these bits to "0". These bits are read-only. At power-on, the values of bits 
other than the power-on flag are undefined. Accordingly, when developing software, ignore the other bits 
if the PONR bit is "1". 


Table 2.11.1 Value of the Reset Type Bits for Each Reset Type 


Reset Type PONR STBR WRST ERST SRST 
Power-on 1 3 : : 
Hardware standby i 1 i . * 
Watchdog timer _ 1 2 a 
External pin 7 - ‘ 1 7 
RST bit * - * * 1 


(The values indicated by * hold their previous values.) 


[Bit 2] WTE 

Writing "0" to this bit when the watchdog timer is stopped starts the watchdog timer running. Writing "0" 
to this bit for the second and subsequent times clears the watchdog timer counter. Writing "1" has no 
meaning. 


The watchdog timer stops after a power-on, hardware standby, or watchdog timer reset. Reading this bit 
returns "1". 
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[Bits 1, 0] WT1, 0 

Interval time selection bits for the watchdog timer. Only the data set when the watchdog timer starts is 
used. Values set at other times have no meaning. Table 2.11.2 lists the interval times. 

These bits are write-only. 


Table 2.11.2 Watchdog Timer Interval Selection Bits 


WTI WTO ce (4 MHz clock a oe pice 
0 0 Approx. 3.58 ms Approx. 4.61 ms 2144211 cycles 
0 1 Approx. 14.33 ms Approx. 18.43 ms 216+213 cycles 
1 0 Approx. 57.34 ms Approx. 73.73 ms 218+21'5 cycles 
1 1 Approx. 458.75 ms Approx. 589.82 ms 2714218 cycles 


Note: The maximum interval value is for when the timebase counter is not reset while the 
watchdog timer is running. 


(2) TBTC (Timebase timer control register) 
#@ Register layout 


Timebase timer control register 15 14 13 12 11 10 9 8 Bit No. 
Address: 00000A9H Reserved Rae TBIE | TBOF TBC1 | TBCO 2 TBTC 
Read/write > = (-) (-) (-) (RAW) (RW) (W) (RW) (RW) 
Initial value & (1) (-) (-) (0) (0) (1) (0) (0) 


Note 1: Do not access this register using read-modify-write instructions as this can cause misoperation. 


@ Register contents 
Controls the operation of the timebase timer and sets the interval interrupt time. 


@ Bit meaning 

[Bit 15] Test bit 

Test bit. Always write "1" to this bit. 
[Bits 14, 13] Unused 

[Bit 12] TBIE 


Interval interrupt enable bit for the timebase timer. Interrupts are enabled when TBIE is "1" and disabled 
when TBIE is "0". Cleared to "0" by a reset. The bit is readable and writable. 


144 Chapter 2: Hardware 


2.11. Watchdog Timer and Timebase Timer Functions 


[Bit 11] TBOF 

The timebase timer interrupt request flag. An interrupt request is generated if TBOF changes to "1" when 
TBIE is "1". TBOF is periodically set to "1" with the interval set by the TBC1, 0 bits. Writing "0", 
changing to stop or hardware standby mode, using the TBR bit to clear the timebase timer, or generating a 
reset clears TBOF. Writing "1" has no meaning. 


Always read as "1" by read-modify-write type instructions. 


Note: When clearing the TBOF bit, mask timebase timer interrupts using the TBIE bit or the ILM bits in 
the CPU. 

[Bit 10] TBR 

Clears all bits of the timebase timer counter to "0". Writing "0" clears the timebase timer counter and also 

clears the TBOF bit. Writing "1" has no meaning. Reading this bit returns "1". 


Note: Mask timebase timer interrupts using the TBIE bit or the ILM bits in the CPU when clearing the 
TBOF bit. 


[Bits 9, 8] TBC1, 0 
Interval setting bits for the timebase timer. Table 2.11.3 lists the interval settings. Cleared to "00" by a 
reset. These bits are readable and writable. 


Table 2.11.3  Timebase Timer Interval Selection 


TBC1 TBCO sae aA Ca MHz aaa Clock 
0 0 1.024 ms 2'2 cycles 
0 1 4.096 ms 214 cycles 
1 0 16.384 ms 216 cycles 
1 1 131.072 ms 2'9 cycles 


2.11.4 Operation 
(1) Watchdog Timer 


The watchdog timer function can be used to detect program loop. If, due to a program runaway or similar 
problem, "0" is not written to the WTE bit within the required time, the watchdog timer generates a 
watchdog reset request. 


@ Activation 

To start the watchdog timer, write "0" to the WTE bit in the WDTC register when the watchdog timer is 
stopped. At the same time, set the watchdog timer reset interval in the WT1 and WTO bits. Only the 
interval data set at the time the watchdog timer is started is used. 


@ Preventing a watchdog timer reset 

Once the watchdog timer has started, the program must periodically clear the 2-bit watchdog counter. 
Specifically, the program must periodically write "0" to the WTE bit in the WDTC register. The watchdog 
counter consists of a 2-bit counter that uses the carry-up signal from the 18-bit timebase counter as its 
clock source. Therefore, the time until a watchdog timer reset occurs is lengthened if the timebase timer is 
cleared. 


Figure 2.11.2 shows the operation of the watchdog timer. 
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Watchdog Timer and Timebase Timer Functions 


Timebase —__. Le JI LJ LJ LJ LJ LI LI Lt Ly 
Watchdog “o9 X01. X 10. X00 X__01__X _10_X 11__X 00 
WTE write ————__J L___E 


Watchdog start Watchdog clear tT 
Watchdog reset generated 


Fig. 2.11.2 Watchdog Timer Operation 


@ Stopping the watchdog timer 

Once started, the watchdog timer is only initialized and stopped by a power-on, hardware standby, or 
watchdog reset. External pin or software resets clear the watchdog counter but do not stop the watchdog 
function. 


@ Other 
In addition to writing to the WTE bit, the watchdog counter is also cleared by the generation of a reset, 
changing to sleep or stop mode, or the hold acknowledge signal. 


(2) Timebase timer 


The timebase timer functions as the watchdog counter clock source, as a delay timer to wait while the 
main clock and PLL clock stabilize, and as an interval timer for generating interrupts with a fixed period. 


@ Timebase timer 

The timebase timer consists of an 18-bit counter that counts the source oscillator input used to generate the 
machine clock. The timebase timer counts continuously while an oscillator input is present. A power-on 
reset, changing to stop or hardware standby mode, using the MCS bit in the CKSCR register to change 
from the main clock to the PLL clock, or writing "0" to the TBR bit in the TBTC register clears the 
timebase timer. 

The watchdog counter and interval interrupt both use the timebase timer output and are affected by 
clearing the timebase timer. 


@ Interval interrupt function 

The interval interrupt function generates a fixed-period interrupt using the carry-up signal from the 
timebase counter. The TBOF flag is set periodically, with the interval determined by the TBC1, 0 bits of 
the TBTC register. When the TBOF flag is set depends on when the timebase timer was last cleared. 

As the timebase timer acts as a delay timer to wait for the PLL oscillation to stabilize when changing from 
main clock mode to PLL clock mode, the timebase timer is cleared at this time. 

As the timebase timer acts as a delay timer to wait for oscillation to stabilize when recovering from stop or 
hardware standby mode, the TBOF flag is cleared when changing to these modes. 
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2.12 Low Power Control Circuits 
(CPU Intermittent Operation Function, Oscillation Stabilization 


Delay Time, and Clock Multiplier Function) 


The following operation modes are available: PLL clock mode, PLL sleep mode, timer mode, main clock 
mode, main sleep mode, stop mode, and hardware standby mode. Operation modes other than PLL clock 
mode are classified as low power consumption modes. 


In main clock mode and main sleep mode, the device operates on the main clock only (OSC oscillator 
clock). The PLL clock (VCO oscillator clock) is stopped in these modes and the main clock divided by 2 is 
used as the operating clock. 


In PLL sleep mode and main sleep mode, the CPU's operating clock only is stopped and other elements 
continue to operate. 


In watch mode, only the timebase timer operates. 


Stop mode and hardware standby mode stop the oscillator. These modes maintain existing data with 
minimum power consumption. 


The CPU intermittent operation function provides an intermittent clock to the CPU when register, internal 
memory, internal resource, or external bus access is performed. This function reduces power consumption 
by lowering the CPU execution speed while still providing a high-speed clock to internal resources. 

The PLL clock multiplier ratio can be set to 1, 2, 3, or 4 by the CS1, 0 bits. 


The WS1, 0 bits set the delay time to wait for the main clock oscillation to stabilize when recovering from 
stop mode or hardware standby mode. 


2.12.1 Registers 


Low power mode control register © Bit No. 


vs 6 5 4 3 2 1 0 
restos: cownn "Tare [ar [ark [ret [wr] 07 [600 ems] par 


Read/write © (ww) (Ww) (RW) (Ws OC) (RW) (RW) (-) 
Initial value <> (0) (0) (0) (4) (1) (0) ©) ~~ § (0) 


Clock select register 15 14 13 12 11 10 9 8 © Bit No. 
nares 20080» [rows] wom [ w5i [50 [ronna] wos | 051 [oso |" oxsor 
Read/write > (-) (R) (R/W) (R/W) (-) (R/W) (RAW) (R/W) 
Initial value => = (1) (1) (1) (1) (1) (1) (0) (0) 
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2.12 Low Power Control Circuits 


2.12.2 Block Diagram 


Main clock 
(OSC oscillator) 


CPU clock 
CPU 


Cclock generator 


Clock selector 0/9/17/33 
intermittent cycle selection 


Cycle selection circuit for 
the CPU intermittent 
operation function 


Peripheral —» Peripheral clock 
clock 
generator 


F2MC-16L bus 


Standby control circuit 


RST release HST activate 


Interrupt request 
or RST 


Oscillation Clock input 


stabilization . ; ' 
delay time Timebase timer Timebase clock 


selector D2 914 916 919 


Pin high impedance control circuit a 


LPMCR 


RSTX pin 
Pee Internalreset =| | | fo fo .--2------5 
generation circuit Internal RST 


| 


To watchdog timer 


WDGRST 


Fig. 2.12.1 Low Power Control Circuit and Clock Generators 
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2.12 Low Power Control Circuits 


2.12.3 Register Details 
(1) LPMCR (Low power mode control register) 
H@ Register layout 


7 6 5 4 3 2 1 0 ~~ © Bit No. 
restos: cowsn "Tare [ar [ark [ret [or] 07 [600 ems] pur 
Read/write > (Ww) (W) (RW) (W) (-) (RW) (RW) () 
Initial value <> (0) (0) (0) (4) (1) () ©) (A) 


Note 1: Do not access this register using read-modify-write instructions as this can cause misoperation. 


@ Register contents 

[Bit 7] STP 

Writing "1" to this bit changes to timer mode (if MCS = "0" in CKSCR) or stop mode (if MCS = "1" in 
CKSCR). Writing "0" to this bit has no effect. STP is cleared to "0" by clearing reset or watch or stop 
mode. The bit is write-only. Reading always returns "0". 


[Bit 6] SLP 
Writing "1" to this bit changes to sleep mode. Writing "0" to this bit has no effect. The bit is cleared to "0" 
by areset or wake-up from sleep or stop mode. 


The device changes to watch or stop mode if "1" is written to both the STP and SLP bits at the same time. 
SLP is a write-only bit. Reading always returns "0". 


[Bit 5] SPL 

External pins hold their levels during timer or stop mode if this bit is "0". External pins go to high 
impedance during watch or stop mode if this bit is "1". SPL is cleared to "0" by a reset. The bit is readable 
and writable. 


[Bit 4] RST 
Writing "0" to this bit generates an internal reset signal for 3 machine cycles. Writing "1" to this bit has no 
effect. Reading always returns "1". 


[Bits 2, 1] CG1, CGO 

Sets the number of cycles to temporarily stop the clock for the CPU intermittent operation function. 
Initialized to "00" by a power-on, hardware standby, or watchdog timer reset. Not initialized by other 
resets. The bits are readable and writable. 


The CPU intermittent operation function halts the CPU clock for a set period when register, internal 
memory, internal resource, or external bus access is performed and delays the start of the internal bus 
cycle. This function reduces power consumption by lowering the CPU execution speed while still 
providing a high-speed clock to internal resources. 
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2.12 Low Power Control Circuits 
Table 2.12.1 CG Bit Settings 
CG1 CGO Number of Cycles to Stop CPU Clock 
0 0 0 cycles (CPU clock = resource clock) 
0 1 9 cycles (The ratio of the CPU clock to the resource clock is approx. 1:3 to 4) 
1 0 17 cycles (The ratio of the CPU clock to the resource clock is approx. 1:5 to 6) 
1 1 33 cycles (The ratio of the CPU clock to the resource clock is approx. 1:9 to 10) 
(2) CKSCR (Clock selection register) 
@ Register layout 
15 14 13 12 11 10 9 8 @ BitNo. 
Readwrite > (-)  (R) (RW) (RW) ¢) (RW) (RW) (RW) 
Initialvalue > (1) (1) (1) (4) @) @ © © 
@ Register content 
[Bit 14] MCM 
Indicates whether the main clock or PLL clock is selected as the machine clock. "0" indicates that the PLL 
clock is selected. "1" indicates that the main clock is selected. MCS = "0" and MCM = "1" indicates that 
the device is currently waiting for the PLL clock oscillation to stabilize. The delay time to wait for the PLL 
clock to stabilize is fixed at 2!3 main clock cycles. 
[Bits 13, 12] WS1, WSO 
Sets the delay time to wait for the main clock to stabilize after wake-up from stop mode or hardware 
standby mode, or after a watchdog reset. 
Initialized to "11" by a power-on reset. Not initialized by other resets. The bits are readable and writable. 
Table 2.12.2 WS Bit Settings 
wsi1 wso Delay Time for Oscillation to Stabilize (For a 4 MHz source clock) 
0 0 Do not delay for the main clock to stabilize. 
0 1 Approx. 2.05ms (2'3 source clock counts) 
1 0 Approx. 8.19ms (2'5 source clock counts) 
1 1 Approx. 65.54ms (2'8 source clock counts) 
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[Bit 10] MCS 

Selects the main clock or PLL clock as the machine clock. Writing "0" to this bit selects the PLL clock and 
writing "1" selects the main clock. Writing "0" when the bit is "1" automatically clears the timebase timer 
and the TBOF bit in the timebase timer control register so as to generate the delay time for the PLL clock 
to stabilize. The delay time for the PLL clock to stabilize is fixed at 2!’ main clock cycles (approximately 
2ms for a 4 MHz source clock). 


The operating clock when the main clock is selected is the main clock divided by 2. (This gives a 2 MHz 
operating clock for a 4 MHz source clock.) 


MCS is initialized to "1" by a power-on, hardware standby, or watchdog reset. 


Note: | When the value of MCS is "1", use the TBIE bit or the ILM bits in the CPU to mask the timebase 
timer interrupt before writing "0" to MCS. 


Also, you may not be able to write "0" to the MCS bit for 8 machine cycles after setting the bit to "1". 
Always wait for at least 8 machine cycles before writing. 


[Bits 9, 8] CS1, CSO 

Selects the multiplier ratio for the PLL clock. The bits are initialized to "00" by a power-on reset but are 
not initialized by resets triggered by the external pin or RST bit. 

Writing to these bits is not allowed when the MCS bit is "0". To set the CS bits, first set the MCS bit to "1" 
(main clock mode). 

The bits are readable and writable. 


Table 2.12.3 CS Bit Settings 


CS1 CSO Machine Clock (For a 4 MHz source clock) 


4 MHz (Operating frequency = OSC oscillation frequency) 


8 MHz (Operating frequency = OSC oscillation frequency * 2) 


12 MHz (Operating frequency = OSC oscillation frequency * 3) 


-—=/-|o|o 
+/oO/;/-+| oO 


16 MHz (Operating frequency = OSC oscillation frequency * 4) 
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2.12.4 Operation 
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See Section 3.5 "Low Power Modes" for details on the operation of low power consumption modes. 


(1) State transitions for clock switching 


Figure 2.12.2 shows the state transitions for clock switching. 


The oscillation stabilization delay time for the PLL clock is fixed at 2!3 main clock cycles (approximately 
2ms for a 4 MHz source clock). 


Note: When operating on 5V, the OSC source clock can be in the range 3MHz to 16 MHz. However, the 
maximum operating frequency for the CPU and peripheral resource circuits is 16 MHz. The device 
will not operate correctly if the multiplier setting results in this maximum being exceeded. For 
example, always set the multiplier to 1 if using a 16 MHz source clock. 


Also, the minimum operating frequency for the VCO is 4 MHz. Do not specify an oscillation less 
than this frequency. 
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Power-on 


1 


Main 

MCS = 1 
MCM = 1 
CS1/0 = xx 


® MCS bit cleared. 


Main=>PLLx 
MCS =0 
MCM = 1 
CS1/0 = xx 


PLL1>Main 
MCS = 1 
MCM =0 
CS1/0 = 00 


PLL2=>Main 
MCS = 1 
MCM =0 
CS1/0 = 01 


PLL3=>Main 
MCS = 1 
MCM =0 
CS1/0 = 10 


PLL4—>Main 
MCS = 1 
MCM =0 
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PLL multiplier = 1 
MCS =0 

MCM = 0 

CS1/0 = 00 


PLL multiplier = 2 
MCS =0 

MCM = 0 

CS1/0 = 01 


PLL multiplier = 3 
MCS = 0 

MCM = 0 

CS1/0 = 10 


PLL multiplier = 4 
MCS =0 

MCM = 0 

CS1/0 = 11 


® PLL clock oscillation stabilization delay complete and CS1/0 = "00" 
@® PLL clock oscillation stabilization delay complete and CS1/0 = "01" 
® PLL clock oscillation stabilization delay complete and CS1/0 = "10" 
@ PLL clock oscillation stabilization delay complete and CS1/0 = "11" 
© MCS bit set (including a hardware standby or watchdog reset) 


@ PLL clock and main clock synchronized timing 


Fig. 2.12.2 State Transition Diagram for Clock Switching 
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2.13 External Bus Pin Control Circuit 


The external bus pin control circuit controls the external bus pins that extend the CPU's address/data bus 
outside the device. 


2.13.1 Registers 


Auto-ready function select register 


14 "1 10 


15 13«12 9 8 
Address: 0000A5H | IORI | 'oRo | HMRI HMRO = | Luri | LMRO 


Read/write > (W) (W) (W) (W) (-) (-) (W) (W) 
Initial value > (0) (0) (1) (1) (-) (-) (0) (0) 


© Bit No. 
ARSR 


External address output control register 


7 6 5 4 3 2 1 0 © Bit No. 

nero ooconor "Teas Tew [ei Tew [ew [ewe [er [em] mcr 
Read/write => (W) (W) (W) (W) (W) (W) (W) (W) 

Initial value => (0) (0) (0) (0) (0) (0) (0) (0) 


Bus control signal select register 


© Bit No. 
ECSR 


15 14 13 12 11 10 9 8 

estes: coor» [= Tunes [wn es [oss [woe [we [0 | 
Read/write > (-) (W) (W) (W) (W) (W) (W) (W) 
Initial value => (-) (0) (0) (1/0) (0) (0) (0) (0) 


2.13.2 Block Diagram 


: P1 data Pe. 
se 


#Data control 
Address control 
ree con 


RB 


Access control 


Fig. 2.13.1 External Bus Pin Control Circuit 
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2.13 External Bus Pin Control Circuit 


2.13.3 Register Details 
(1) Auto-ready function select register 
H Register layout 


15 14 #413 12 «11 10 9 8  & BitNo. 
Readiwrite > (W) (WwW) (W) (WW) () -) (Ww) (W) 
Initial value > (0) (0) (4) (4) () -) © (0) 


@ Register contents 

[Bits 15, 14] IOR1, IORO 

These two bits specify the automatic wait function for external access of the area between OOOOCOH and 
OOOOFFH. The settings are as follows. 


Table 2.13.1 Automatic Wait Function Selection for the External I/O Area 


IOR1 IORO Setting 
0 0 Automatic wait disabled 
0 1 Insert an automatic wait of 1 machine cycle during external access. 
1 0 Insert an automatic wait of 2 machine cycles during external access. 
1 1 Insert an automatic wait of 3 machine cycles during external access. 


The bits are initialized to "OOB". 


[Bits 13, 12] HMR1, HMRO 
These two bits specify the automatic wait function for external access of the area between 800000H and 
FFFFFFH. The settings are as follows. 


Table 2.13.2 Automatic Wait Function Selection for the Upper Memory Area 


HMR1 HMRO Setting 
0 0 Automatic wait disabled 
0 1 Insert an automatic wait of 1 machine cycle during external access. 
1 0 Insert an automatic wait of 2 machine cycles during external access. 
1 1 Insert an automatic wait of 3 machine cycles during external access. 


The bits are initialized to "11B". 
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External Bus Pin Control Circuit 


[Bits 9, 8] LMR1, LMRO 
These two bits specify the automatic wait function for external access of the area between 002000H and 
7FFFFFH. The settings are as follows. 


Table 2.13.3 Automatic Wait Function Selection for the Lower Memory Area 


LMR1 LMRO Setting 
0 0 Automatic wait disabled 
0 1 Insert an automatic wait of 1 machine cycle during external access. 
1 0 Insert an automatic wait of 2 machine cycles during external access. 
1 1 Insert an automatic wait of 3 machine cycles during external access. 
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The bits are initialized to "OOB". 


(2) External address output control register 
H Register layout 


7 6 5 4 3 2 1 0 © Bit No. 

nero: oononsr "Teas Ten Tei Tew [ew [ew [er [ew] mcr 
Read/write => (W) (W) (W) (W) (W) (W) (W) (W) 
Initial value > (0) (0) (0) (0) (0) (0) (0) (0) 


@ Register contents 
This register controls external output of address bits A23 to Al6. Each bit controls its corresponding 
address bit (A23 to A16) as follows. 


Table 2.13.4 Output Control Selection for the Upper Address Bits 


1 Set the corresponding pin as an address output (AXX). 
0 Set the corresponding pin as an I/O port (PXX). 


This register cannot be accessed when the device is in single-chip mode. In single-chip mode, all the pins 
are set as I/O ports regardless of the contents of this register. 


All bits in this register are write-only. Reading always returns "1". 
The bits are initialized to "0" by a reset. 


(3) Bus control signal select register 
H Register layout 


15 14 13 11 10 © Bit No. 


12 9 8 
Address: 0000A7H LuBs | wre |HmBs | IoBs ECSR 


Read/write => (-) (W) (W) (W) (W) (W) (W) (W) 
Initial value > (-) (0) (0) (1/0) (0) (0) (0) (0) 
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@ Register contents 
This register sets the bus operation control functions for external bus mode. 


The register cannot be accessed when the device is in single-chip mode. In single-chip mode, all the pins 
are set as I/O ports regardless of the contents of this register. 


All bits in this register are write-only. Reading always returns "1". 


[Bit 14] LMBS 
Specifies the bus size for external access of the area between 002000H and 7FFFFFH in 16-bit external 
data bus mode. The settings are as follows. 


Table 2.13.5 Bus Size Selection for the Lower Memory Area 


0 16-bit bus size access [Initial value] 


1 8-bit bus size access 


The bit is initialized to "0" by a reset. 


[Bit 13] WRE 
Controls the output of the external write signal (the WRHX and WRLX pins in 16-bit bus mode and the 
WRX < pin in 8-bit bus mode) as follows. 


Table 2.13.6 Output Control Selection for External Writes 


0 Operate as I/O ports (P54, P55). (Output of write signals is disabled.) [Initial value] 


Enable output of write strobe signals (WRHX/WRLX or WRX) 


In 8-bit external data bus mode, P54 operates as an I/O port regardless of the value of this bit. 
The bit is initialized to "0" by a reset. 


[Bit 12] HMBS 
Specifies the bus size for external access of the area between 800000H and FFFFFFH in 16-bit external 
data bus mode. The settings are as follows. 


Table 2.13.7 Bus Size Selection for the Upper Memory Area 


0 16-bit bus size access (Initial value for external vector modes 1 and 3) 


1 8-bit bus size access (Initial value for external vector modes 0 and 2) 


In external vector modes 0 and 2, the bit is initialized to "1" by a reset. In external vector modes 1 and 3, 
the bit is initialized to "0" by a reset. 
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[Bit 11] IOBS 
Specifies the bus size for external access of the area between OOOOCOH and OOOOFFH in 16-bit external 
data bus mode. The settings are as follows. 


Table 2.13.8 Bus Size Selection for the External I/O Area 


0 16-bit bus size access [Initial value] 


1 8-bit bus size access 


The bit is initialized to "0" by a reset. 


[Bit 10] HDE 
This bit enables or disables I/O for the hold request input (HRQ) and hold acknowledge output (HAKX) 
pins as follows. 


Table 2.13.9 Hold I/O Control Selection 


0 Operate as I/O ports (P53, P52). (Disable hold function I/O.) [Initial value] 
1 Enable hold request (HRQ) input and hold acknowledge (HAKX) output 


The bit is initialized to "0" by a reset. 


[Bit 9] RYE 
Controls the external ready (RDY) input as follows. 


Table 2.13.10 Input Control Selection for the External Ready 


0 Operate as an I/O port (P51). (Disable the external RDY input.) [Initial value] 
1 Enable the external ready (RDY) input. 


The bit is initialized to "0" by a reset. 


[Bit 8] CKE 
Controls the external clock (CLK) output as follows. 


Table 2.13.11 Output Control Selection for the External Clock 
0 Operate as an I/O port (P50). (Disable clock output.) 


1 Enable output of the clock signal (CLK). 


The bit is initialized to "0" by a reset. 


2.13.4 Operation 


The MB90610A has various modes for different access methods and access areas. 
See 3.3 "Memory Access Modes" for details. 


See 3.4 "External Memory Access" for details on the operation of external bus mode. 


158 Chapter 2: Hardware 


2.14 Interrupt Controller 


2.14 Interrupt Controller 


The interrupt control registers are located in the interrupt controller. An interrupt control register is 
provided for each I/O with an interrupt function. The registers have the following three functions. 


¢ Set the interrupt level of the corresponding peripheral. 


¢ Select whether to treat interrupts from the corresponding peripheral as standard interrupts or to activate 
the extended intelligent I/O service. 


¢ Select the extended intelligent I/O service channel. 


2.14.1 Registers 


Interrupt control registers 


Address: 


ICRO1 QOO00B1H 
ICRO3 


ICROF OOOOBFH 


Read/write => 
Initial value => 


Interrupt control registers 


Address: 


ICROO QOOOBOH 
ICRO2 


ICROE O0000OBEH 


Read/write > 
Initial value > 


ee 14 10 ea 8 © BitNo. 
baie ee aie 
IcSt | ICSo Mats 
Ics | Ics2 | ot Ilo | 
(RW) (RAW) (RW) (RW) (RW) 
ay 0) “0. (0) (0) (1) (1) (1) 
7 1 0 @ BitNo. 


oe rie 


ca icst | Icso 
Ics3 | 1Cs2 | gt ILO 


(RW) (RW) (RW) (RW) (RW) (RW) 
0) 0) (0) (0) (0) (1) (1) (1) 


Note: Do not access these registers using read-modify-write instructions as this can cause misoperation. 
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2.14 Interrupt Controller 


2.14.2 Block Diagram 


F2MC-16L BUS 


20S completion 


5 ‘ i 
condition detected <—__/+____ 20S completion condition 


32 
Determine priority of Interrupt or 20S request 
interrupt or ?OS 7 (peripheral resource) 


3 
(CPU) 
Interrupt level 


I?O0S vector selection l?OS vector 
(CPU) 


2 


Fig. 2.14.1 Block Diagram of the Interrupt Controller 
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2.14 Interrupt Controller 


2.14.3 Register Details 
(1) ICR (Interrupt control register) 


H Register layout 


Note: 


Note: 
Note: 


Interrupt control registers 
Address: ICRO1 0000B1H 
IGRO3 


ae rae Ee 12 11 10 9 8 © Bit No. 


ICRxx 


ars 
$1 


Cc 
(W) 


ICROF OOOOBFH 


Read/write 
Initial value 


= 
BZ 
= 
BZ 
= 
BZ 
= 
BZ 
= 
BZ 
= 
BZ 
= 


Interrupt control registers 


Address: 


faa hs ICSO | 
css | ose | or | gr | ise | we | wi | Lo [= 


(Ww) (W) (RW) (RW) (RW) (RW) (RW) (RW) 


ICROE 0O000OBEH 


Read/write 


ICROO Q000BOH 
ICRO2 0000B2H 
= 
Initial value = 


ICS3 to 0 are only meaningful when EI*OS is active. Set ISE to "1" when using EI°OS and set ISE 
to "0" when not using EI’?OS. Any values can be set to ICS3 to 0 if EI?OS is not used. 

* Reading returns "1". 

ICS1 and ICSO are write-only. S1 and SO are read-only. 

Do not access these registers using read-modify-write instructions as this can cause misoperation. 


@ Register contents 
(1) Interrupt level setting bits: ILO, 1L1, IL2 


The interrupt level setting bits specify the interrupt level of the corresponding internal resource. The bits 
are readable and writable. The bits are initialized to level 7 (no interrupt) by a reset. Table 2.14.1 lists the 
relationship between the interrupt level setting bits and each interrupt level. 
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2.14 Interrupt Controller 


Table 2.14.1 Correspondence Between Interrupt Level Setting Bits and Interrupt Levels 


IL2 IL1 ILO Level 

0 0 0 0 (Highest interrupt level) 
0 0 1 1 A 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 y 

1 1 0 6 (Lowest interrupt level) 
1 1 1 7 (No interrupt) 


(2) Extended intelligent I/O service enable bit: ISE 


The processor activates E?OS if the ISE bit is "1" when an interrupt request occurs. If the ISE bit is "0", 
the processor activates the interrupt sequence. The bit is readable and writable. The ISE bit changes to "0" 
when EI?OS completes. If the peripheral does not have an EI?OS function, set the ISE bit to "0" by 
software. 


Initialized to "0" by a reset. 


(3) Extended intelligent I/O service channel select bits: ICS3 to 0 


These bits specify the EI?OS channel. The bits are write-only. The value set in these bits determines the 
memory address of the intelligent I/O service descriptor, as described later. ICS is initialized by a reset. 
Table 2.14.2 lists the correspondence between ICS, the channel number, and the descriptor address. 
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2.14 Interrupt Controller 


Table 2.14.2 Correspondence Between ICS, Channel Number, and Descriptor Address 


ICS3 ICS2 ICS1 ICSO Channel Descriptor Address 
0 0 0 0 0 000100H 
0 0 0 1 1 000108H 
0 0 1 0 2 000110H 
0 0 1 1 3 000118H 
0 1 0 0 4 000120H 
0 1 0 1 5 000128H 
0 1 1 0 6 000130H 
0 1 1 1 7 000138H 
1 0 0 0 8 000140H 
1 0 0 1 9 000148H 
1 0 1 0 10 000150H 
1 0 1 1 11 000158H 
1 1 0 0 12 000160H 
1 1 0 1 13 000168H 
1 1 1 0 14 000170H 
1 1 1 1 15 000178H 


(4) Extended intelligent I/O service completion status: SO, S1 


When EI?OS completes, these bits can be referenced to determine the completion status. The bits are read- 
only. The bits are initialized to "00" by a reset. 
Table 2.14.3 lists the relationship between the S bits and the completion status. 


Table 2.14.3 S Bits and Completion Status 


$1 So Completion Status 
0 Reserved 
0 1 Stopped due to count completion 
1 0 Reserved 
{ { Stopped by request from the internal 
resource 


163 


2.14 Interrupt Controller 


(5) Interrupt vector allocation 
Table 2.14.4 lists the allocation of MB90610A interrupt vectors. 


Table 2.14.4 MB90610A Interrupt Vector Allocation 


20S Interrupt Vector Interrupt Control Register 
Interrupt 
Support Number Address ICR Address 
Reset X #08 08H FFFFDCH - - 
INT 9 instruction X #09 09H FFFFD8H - - 
Exception X #10 OAH FFFFD4H - - 
External interrupt #0 fe) #14 OBH FFFFDOH ICROO 0000BO0H 
External interrupt #1 fe) #13 ODH FFFFC8H ICRO1 0000B1H 
External interrupt #2 fe) #15 OFH FFFFCOH ICRO2 0000B2H 
External interrupt #3 fe) #17 11H FFFFB8H ICRO3 0000B3H 
External interrupt #4 fe) #19 13H FFFFBOH ICRO4 0000B4H 
External interrupt #5 fe) #21 15H FFFFA8H ICRO5 0000B5xH 
External interrupt #6 fe) #23 17H FFFFAOH 
ICRO6 OOOOB6H 
UARTO transmit complete fe) #24 18H FFFF9CH 
External interrupt #7 fe) #25 19H FFFF98H 
ICRO7 0000B7H 
UART1 transmit complete fe) #26 1AH FFFF9Q4H 
PPG #0 x #27 1BH FFFF9OH 
ICRO8 0000B8H 
PPG #1 x #28 1CH FFFF8CH 
16-bit reload timer #0 fe) #29 1DH FFFF88H 
: ICRO9 0000B9H 
16-bit reload timer #1 fe) #30 1EH FFFF84H 
A/DC measurement complete fe) #31 1FH FFFF80H ICR10 OOOOBAH 
UART2 transmit complete fe) #33 21H FFFF78H 
ICR11 0000BB 
Timebase timer interval Pe 434 201 EFFF74H H 
interrupt 
UART2 receive complete #35 23H FFFF70H ICR12 0000BCH 
UART1 receive complete #37 25H FFFF68H ICR13 0000BDH 
UART Oreceive complete #39 27H FFFF60H ICR14 OOOOBEH 
Delay interrupt: genetation x #42 | 2a | FFFF54u ICR15 O000BFH 
module 


Note: O indicates I?OS support (no stop request), © indicates OS support (with stop request), and x 
indicates no I?OS support. 


Do not set IOS activation in ICRxx for resources that do not support I?OS. 


2.14.4 Operation 


See 3.3 "Interrupts" for details on the operation of interrupts and EI?OS. 
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3.1. Clock Generator 


Chapter 3: 


Operation 


3.1 Clock Generator 


The clock generator controls operation of the internal clock including the PLL clock multiplier, sleep, 
timer, and stop functions. The internal clock is called the machine clock and one clock cycle is called a 
machine cycle. The clock from the source oscillator is called the main clock and the clock from the 
internal VCO is called the PLL clock. 


Note: When operating on 5V, the OSC source oscillation can be in the range 3MHz to 16 MHz. 
However, the maximum operating frequency for the CPU and peripheral resource circuits is 16 
MHz. The device will not operate correctly if the multiplier setting results in this maximum being 
exceeded. For example, always set the multiplier to 1 if using a 16 MHz source oscillation. 


Also, the minimum operating frequency for the VCO is 4 MHz. Do not specify an oscillation less 
than this frequency. 


Figure 3.1.1 shows a block diagram of the clock generator circuit. 


S$ Q 
fe) |) Machine clock 


Reset 


Interrupt )> S Q Change sy © Machine clock 
Las sleep R selection 
ue a OO0O00 
Change to || 
fa So z 


1 2 3 4 


Oscillation stabilization 
delay time selection 


1/2048 


Watchdog 
interval selection QO 


Monitoring timer 


Watchdog reset 


Fig. 3.1.1 Block Diagram of the Clock Generator Circuit 
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3.2 Resets 


3.2 Resets 


3.2.1 Generating a Reset 


On generation of a reset source, the F-MC-16L interrupts the currently executing processing and waits for 
the reset to be cleared. The following events trigger a reset. 


O Generation of a power-on reset 

O Release of the hardware standby state 

O Watchdog timer overflow 

O External reset request from the RSTX pin 
O Software reset request 


After a power-on reset or wake-up from stop mode, operation starts after a delay for the oscillation to 
stabilize. 


Note: Other than in stop mode, sampling of the external reset input is synchronized by the internal clock. 
Therefore, reset inputs cannot be detected if the externally supplied clock is halted. 


When using an external bus, the address generated by the device during a reset is indeterminate. All the 
external bus access signals (RDX, WRLX, etc.) become inactive. 


3.2.2 Operation After the Reset is Cleared 


On removal of the reset trigger, the F*MC-16L outputs the address of the reset vector and reads the reset 
vector and mode data. The reset vector and mode data are located in the 4 bytes from FFFFDCH to 
FFFFDFH. On release of the reset, the data at these locations are moved by hardware to the registers 
shown in Figure 3.2.1. 


The bus mode after reading the reset vector and mode data is determined by the mode data. 


@F2MC-16L CPU core® 


@Memory space® 


FFFFDFH | Mode data 
FFFFDEH 
FFFFDDH 
FFFFDCH 


Fig. 3.2.1 Storage Location and Destination of the Reset Vector and Mode Data 


Note: The mode register shown in the diagram becomes indeterminate immediately after a reset. Always 
store the optional mode data in memory so that the data can be set in the register. 
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3.2.3 Reset Types 


3.2 Resets 


Table 3.2.1 lists the five different reset types. The machine clock and watchdog timer initialization 
depends on the reset type. 


The reset type can be determined from the reset type register. 


Table 3.2.1 Reset Types 


Delay for 
Reset Reset Cause Machine Clock Watchdog Timer Oscillation 
to Stabilize? 
Power-on Power supply turned on Main clock Stopped Yes 
Input of an "L" level to the : 
Hardware standby HSTX pin Main clock Stopped Yes 
Watchdog timer Watchdog timer overflow | Main clock Stopped Yes 
Ewer Input of an "L" level to the | Holds the previous | Holds the No 
P RSTX pin state previous state 
Soeuare Writing "0" to the RST bit | Holds the previous | Holds the No 
in the STBYC register state previous state 


* If a reset occurs in stop or hardware standby mode, the device waits for oscillation to stabilize 
regardless of the reset type. 


* The delay for oscillation to stabilize after a power-on reset is fixed at 2!8 source oscillator cycles. For 
other resets, the delay for oscillation to stabilize depends on CS1 and CSO in the clock selection 
register. 


Figure 3.2.2 shows the flip-flops for the various reset types. The content of these flip-flops can be read 
from the watchdog timer control register. Therefore, if it is necessary to determine the reset cause after the 
reset is cleared, read the watchdog timer control register by software and branch to the appropriate 
program based on the register content. For reference, Figure 3.2.3 shows the structure of the watchdog 
timer control register. 


No periodic clear RST bit set 


Write detect ; 
circuit for RST bit 
of STBYC 


WTC register 


Power-on 


External reset 
request detect 
circuit 


Hardware 
standby wake-up 
detect Circuit 


Watchdog 
timer reset | 
detect circuit 


Power-on . 
detect circuit 


WTC register read 


F2MC-16 internal bus 


Fig. 3.2.2 Block Diagram of the Reset Type Bits 
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3.2 Resets 


7 6 5 4 3 2 1 0 Bit No. 

Address: 0000884 wro | wore 
Read/write > (R) (R) —(R) (R) (R) = (W) (W) = (W) 
Initial value > = (X) (X) (X) (X) (X) (1) (1) (1) 


Fig. 3.2.3 WDTC (Watchdog Timer Control Register) 


If more than one reset type occurs, the reset type bits are set in the watchdog timer control register for each 
reset type that occurred. Accordingly, if an external reset request and watchdog reset occur 
simultaneously, both the ERST and WRST bits are set to" 1". 


However, the power-on reset is an exception to this rule. When the PONR bit is "1", the values of the other 


bits do not indicate correctly whether their respective reset types occurred or not. Therefore, when 
developing software, ignore the values of the other reset type bits if the PONR bit is "1". 


Table 3.2.2 Value of the Reset Type Bits for Each Reset Type 


Reset Type PONR STBR WRST ERST SRST 
Power-on 1 2 & - 2 
Hardware standby 7 1 : ‘ ‘i 
Watchdog timer ‘i * 1 ‘ 7 
External pin of * = 1 J 
RST bit z * - 1 


(The values indicated by * hold their previous values.) 
The reset type bits are only cleared by reading the watchdog timer control register. Therefore, once a 


particular reset type occurs, the corresponding reset type bit maintains the value "1", even if a different 
type of reset subsequently occurs. 
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3.3. Memory Access Modes 


3.3 Memory Access Modes 
3.3.1 Modes 


The F7MC-16L has various modes for the different access methods, access areas, and test operation. The 
modes for this module are classified as follows. 


External data bus width 


O RUN mM External ROM, external bus ——— lies 


O Various test functions 16-bit 


Address/data bus 


Non-multiplex mode 
Multiplex mode 


@ Operation mode 

The operation mode controls the device operating status and is set by the mode setting pins (MDx) and the 
Mx bits in the mode data. The operation mode can select normal operation, activation of the internal test 
program, or activation of the special test functions. 


@ Bus mode 

The bus mode controls the operation of the external access function. The mode setting pins (MDx) and the 
Mx bits in the mode data determine the bus mode. The mode setting pins (MDx) specify the bus mode for 
reading the reset vector and mode data. The Mx bits in the mode data specify the bus mode for normal 
operation. 


@ Access mode 
The access mode specifies the external data bus width and the address/data bus operation. The mode 
setting pins (MDx) and the Sx bit in the mode data determine the access mode. The access mode specifies 
the external data bus width (8-bit or 16-bit) and whether the address/data bus operates in non-multiplex or 
multiplex mode. 
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3.3 Memory Access Modes 


3.3.2 Mode Pins 
Table 3.3.1 lists the operations specified by the different MD2 to MDO external pin combinations. 


Table 3.3.1 Relationship Between Mode Pins and Setting Modes 


eoainke Mode Reset Vector External Data Address/ Bears 
<> Nid KIBO Access Area Bus Width Data Bus 
0 0 O External vector mode 0 | External 8-bit : 
Multiplex R : q 
0 0 1 External vector mode 1 | External 16-bit mode ee vert eitaan ene 
via a 16-bit bus. 
0 1 =O External vector mode 2 | External 8-bit . 
Non-multiplex 5 ; rr 
0 1 1 External vector mode 3 | External 16-bit mode are vel Den ee, 
via a 16-bit bus. 
1 0 0 
1 0 1 ae . 
(Prohibited settings) 
1 1 0 
1 1 1 
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3.3. Memory Access Modes 


3.3.3 Mode Data 


The mode data controls CPU operation and is located at FFFFDFH in main memory. The reset sequence 
reads the mode data and loads it to the "mode register" in the device. Only the reset sequence can change 
the content of the mode register. 


The settings in the mode register apply after the completion of the reset sequence. 
Always set the reserved bits to "0". 


Figure 3.3.1 shows the settings for each bit. 
7 6 5 4 3 


2 1 0 
= F 


unction expansion bits 
(reserved area) 


Mode setting bits 
Bus mode setting bits 


Fig. 3.3.1 FMode Data Structure 


@ Mode setting bits 
These bits specify the bus mode and access mode after completion of the reset sequence. Table 3.3.3 lists 
the functions set by the mode setting bits. 
Table 3.3.3 Functions Set by the Mode Setting Bits 
Si SO Function Remarks 


8-bit external data bus mode 


Address/data bus multiplex mode 
16-bit external data bus mode 


8-bit external data bus mode | Address/data bus non-multiplex 
16-bit external data bus mode | Mode 


-—=/-|o|o 
+); oO; -+| oO 


@ Bus mode setting bits 
These bits specify the operation mode after completion of the reset sequence. Table 3.3.4 lists the 
functions set by the bus mode setting bits. 


Table 3.3.4 Functions Set by the Bus Mode Setting Bits 
M1 Mo Function Remarks 
(Prohibited setting) 

(Prohibited setting) 
External ROM, external bus mode 
(Prohibited setting) 


-—=/-|o!/|o 
—+)/oO/;/-+|oO 
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3.3 Memory Access Modes 


Figure 3.3.2 shows the correspondence between the access area and physical address for each bus mode 
setting. 


FFFFFFH 


002000H 
Differs by model type #1 


p= : No access 
all : Internal access 
[_]: External access 


000100H 
0000CO0H 
000000H 


External ROM, external bus 
Note: The addresses marked "Differs by model type" depend on the model type. 


Fig. 3.3.2 Relationship Between Access Areas and Physical 
Addresses for Each Bus Mode 


@ Recommended setting example 
Table 3.3.5 shows examples of recommended mode pin and mode data settings. 


Table 3.3.5 Recommended Mode Pin and Mode Data Settings 


Setting Example MD2 MD1 MDbDO M1 Mo | S1_ SO 

External ROM/external bus mode, 16-bit bus, 16-bit bus for 0 0 { { 0 0 { 
vector access (Address/data bus multiplex mode) 
External ROM/external bus mode, 8-bit bus (Address/data bus 

0 0 0 1 0 0 6—O0 
multiplex mode) 
External ROM/external bus mode, 16-bit bus, 16-bit bus for 0 { { { 0 { { 
vector access (Address/data bus non-multiplex mode) 
External ROM/external bus mode, 8-bit bus (Address/data bus 

0 1 0 1 0 1 0 

non-multiplex mode) 


Note: In the MB90610A series, a maximum area of 64KB can be accessed when output of the upper 
address (A23 to A16) is disabled. 


172 Chapter 3: Operation 


3.3. Memory Access Modes 


The signals input or output via the external pins connected to this module vary depending on the mode. 
Table 3.3.5 lists the operation of the mode-dependent external pins. 


Table 3.3.5 Operation of Mode-Dependent External Pins 


Function 
Non-Multiplex Mode Multiplex Mode 
External Address Control External Address Control 
Pin Enabled (Address) Disabled (Port) Enabled (Address) Disabled (Port) 
External Bus External Bus External Bus External Bus Expansion 
Expansion Expansion Expansion 
8-Bit 16-Bit 8-Bit 16-Bit 8-Bit 16-Bit 8-Bit 16-Bit 

Peele DO7 to 00 ADO7 to 00 
P17 to 10/ 
D15 to 08 Port D15 to 08 Port D15to08 | A15to08 | AD15to08 | A15to08 | AD15 to 08 
AD15 to 08 
ea A07 to 00 A07 to 00 

Port 
Sea oi) A15 to 08 A15 to 08 
fess : ass A23 to 16 Port A23 to 16 Port 
ALE ALE ALE 
RDX RDX RDX 
P55/WRLX WRLX WRLX 
P54/WRHX Port WRHX Port WRHX Port WRHX Port WRHX 
P53/HRQ HRQ HRQ 
P52/HAKX HAKX HAKX 
P51/RDY RDY RDY 
P50/CLK CLK CLK 

Note: The upper address, WRLX, WRHX, HAKX, HRQ, RDY, and CLK can be set for use as ports by 


function selection. 
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3.4 External Memory Access 


3.4 External Memory Access 


The F*MC-16L provides the following address, data, and control signals for accessing external memory or 


peripherals. 
CLK (P50): Outputs the machine cycle clock (KBP) 
RDY (P51): External ready input pin 


WRHxX (P54): Write signal for the upper 8 bits of the data bus 
WRLX (P55): Write signal for the lower 8 bits of the data bus 
RDx: Read signal 

ALE: Address latch enable signal (in multiplex mode) 


3.4.1 External Memory Access Control Signals 


External memory access is performed in 3 cycles if the ready function is not used. Figure 3.4.1 shows an 
overview of the external access timings. 


A function is available to perform 8-bit bus access in 16-bit external bus mode. This allows reading and 
writing of 8-bit peripheral chips in systems where both 8 and 16-bit peripheral chips are connected to the 
external bus. As 8-bit bus access uses the lower 8 bits of the data bus, connect 8-bit peripheral chips to the 
lower 8 bits of the data bus. 


In 16-bit external bus mode, the HMBS, LMBS, and IOBS bits in EPCR specify whether to perform 8 or 
16-bit bus access. 


In multiplex mode, it is possible that only the address output and ALE assert output are performed and, by 


not asserting RDX, WRLX, and WRHX, actual bus operation is not performed. Do not perform peripheral 
chip access using the ALE signal only. 
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3.4 External Memory Access 


Q) External 8-bit bus mode (Non-multiplex mode) 


‘«——— Read ———_»'=——_Write >» «x Read 


P50/CLK | 
ei eau data) 


P55/WRLX a! 
RDX 


ALE 
P47 to 40/A23 to16 Read address wis secs X Read address 
P37 to 30/A15 to 08 ———X Read address FX Write address——Read address 
P27 to 20/A07 to 00 ——— Read address ——"Cwrite address——Read address 
P17t 19151 08 st 
ie) HADIE 0 > 068 ——_ (Port data) 


D07 to 00/AD07 to 992 2 


7 Read dere "4 Write data’ 


Q) External 8-bit bus mode (Multiplex mode) 


‘x———— Read ————> ‘<——_Write———_»>.«__—_ Read 


P50/CLK ES eee : 


P54/WRHX —=(Port aja) =8 ee 
P55/WRLX ; ces 
RDX Eso 


P47 to 40/A23 to16 —— Read address ——xite addidee X Read address 

P37 to 30/A15 to 08__- (Port data) 

P27 to 20/A07 to 00 — (Port data) 

PI f _ OBIE 2 , a a 7 La er address 
DO7 to 00/AD07 to 00188. 4) it ee a adress 


7 Read dais “4 Write data’ 


Fig. 3.4.1 Timing Chart for External Memory Access 
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3.4 External Memory Access 


Q) External 16-bit bus mode (Non-multiplex mode) 


‘Even address word read-»'«-Even address word write: —<—___ 


P50/CLK | ! ! 
P54/WRHX l 
P55/WRLX | 


Seg ee me ae a ae 


ALE 
P47 to 40/A23 to16 \_ Read address Write saises X Read address 
P37 to 30/A15 to 08 X Read address Write address X Read address 
P27 to 20/A07 to 00 =r reas address YX Write address X Read address 


P17 to IMB 1S ip 08 2S ee 
/A to 08 
DO7 to ae to 00 ae 
t Read data “4 Write data’ 


*Design external circuits to always perform word reads. 


Q) External 16-bit bus mode (Multiplex mode) 


‘«-Even address word read—»'«-Even address word write <——___ 


P50/CLK 
P54/WRHX Za 


P55/WRLX 


RDX 
ALE 


P47 to 40/A23 to16 —==—=7 Read address = rte addrees a address 
P37 to 30/A15 to 08 Port data, | 
P27 to 20/A07 to 00__;Port data 


P17 to 19/D1 5 to 08 Read Write Read 
/A to 08 acts 5 pitte gS 
DO7 to Pte to 00 a 
t ' Read data 4 Write data’ 


*Design external circuits to always perform word reads. 


Fig. 3.4.1 Timing Chart for External Memory Access 
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3.4 External Memory Access 


3.4.2 Ready Function 


Access to low-speed memory or peripheral circuits can be performed by using the P51/RDY pin and by 
setting the auto-ready function selection register (ARSR). 


When the RYE bit in the bus control signal selection register (EPCR) is set to "1", the access cycle can be 


extended during access of an external area by treating the period while an "L" level is input to the P51/ 
RDY pin as wait cycles. 


QC) Non-multiplex mode 


‘«—— Even address word read ———-»'«— Even address word write 
PS0/Ch Ke Sh Le ht 3 de St he 


P54/WRHX ge ee 
P55/WRLX > 
RDX oe ee 
ALE | os [poets oa 
P47 to 40/A23 to16 = Read address rite address — 
P37 to 30/A15 to 08 —__x Read address —~____-____y Write address —— 
P27 to 20/A07 to 00 —_x Read address + 7X Write address — 


P17 to 10/D15 to 08 —____ a 
/AD15 to 08 — 


DO7 to OO/ADO7 to 00 $$ 
me ee a a ae ee 


Gheck RBY pin level ® Read data. tf Write data 


‘«—— Even address word read ———-»'«— Even address word write 
P5S/CLK_[ L_I L_IT LJ LJ LJ LOI LoS Le 


P54/WRHX 


P47 to 40/A23 to16 —— write address a a 3s Read sade = 
P37 to 30/A15 to 08 Write address ~~ >7 Read address — 
P27 to 20/A07 to 00 — Write address —~.—___.___ Read address — 
ne ot ee a a a ee 

/AD15 to 08 
DO7 to rae to 00 a 
‘tt Write mt 


Gycle siiended Se auto- aay 


Fig. 3.4.2 Ready Timing Chart 
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Q) Multiplex mode 


‘«—— Even address word read ———»'=— Even address word write 
PSO eT elie is ee i cet ee i a 


P54/WRHX 


P55/WRLX 


P47 to 40/A23 to16 1 Read acess address — == 
P37 to 30/A15 to 08 — (Port data) 


P27 to 20/A07 to 00 == (Port data) 
Bo TOTO Oe eee a aa wile _ 
D07 to 00/AD07 to . TNC 8884s3 I——A—)-¢ it... 3 


PBURDY 
heck RBY pin level * ‘Read data t Write data 


‘«——— Even address word read ———-»'=— Even address word write 
P50/CLK 
P54/WRHX 


ALE_: | 
P47 to 40/A23 tot 6—— Write address So — Read address—_ 
P37 to 30/A15 to 08 r= (Port dita) == 
P27 to 20/A07 to 00 (Port data) 


P17 to 10/D15 to QB Wl Yr ites  —$€$ 
DO7 to 00/ADO7 to 3 00 ir, ——— 
‘ft Write — Ne 


Bycte arieded by auto-ready 


Fig. 3.4.2 Ready Timing Chart 


The F°MC-16L has two built-in auto-ready functions for external memory. Auto-ready functions are 
provided for accessing the lower address external area located between addresses 002000H and 7FFFFFH 
and for accessing the upper address external area located between addresses 800000H and FFFFFFH. The 
auto-ready function can extend the access cycle automatically by inserting between 1 and 3 wait cycles, 
without the need for an external circuit. This function is activated by setting the LMR1 and LMRO bits (for 
the lower external address area) and the HMRI and HMRO bits (for the upper external address area) in the 
ARSR register. 


The F*MC-16L also has a built-in auto-ready function for external I/O that is independent of the auto- 
ready function for memory. The auto-ready function can extend the access cycle automatically by 
inserting between 1 and 3 wait cycles, without the need for an external circuit, when an external area 
between addresses OOOOCOH and OOOOFFH is accessed. The function is activated by the IOR1 and IORO 
bits of the ARSR register. 
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For both the external memory and external I/O auto-ready functions, if the RYE bit in the EPCR register is 
set to "1", the wait cycles continue after the wait cycles inserted by the auto-ready function are complete 
for as long as an "L" level is input to the P51/RDY pin. 


Figure 3.4.3 shows the structure of the ARSR and EPCR registers. 


Auto-ready function 


selection seqsterr 15 14 13 12 11 10 9 8 Bit No. 
Read/write >  (W) (W) = (W) (W) (-) (-) (Ww) ~— (W) 
Initial value > — (0) (0) (1) (1) (-) (-) (0) (0) 


Bus control signal 
selection register 15 14 13 12 11 { 9 8 =Bit No. 


0 
Address: 000087 | | LMBS| WRE |HMBS | [OBS | HDE aga 


Read/write > —(-) (Ww) — (W) (Ww) ~— (W) (W) (W) = (W) 
Initial value > — (-) (0) (0) (1/0) (0) (0) (0) (0) 


Fig. 3.4.3 Structure of the Auto-Ready Function Selection Register and 
Bus Control Signal Selection Register 
3.4.3 Hold Function 


The external bus hold function is activated by the P53/HRQ and P52/HAKX pins if the HDE bit of the 
EPCR register is set to "1". Inputting an "H" level to the P53/HRQ pin initiates the hold state after 
completion of the current CPU instruction (or after completing one data element in a string instruction). In 
the hold state, the device outputs an "L" level from the P52/HAKX pin and sets the following pins to high 
impedance. 


O Non-multiplex mode 
¢ Address output P47/A23 to P40/A16, P37/A15 to P30/A08, P27/A07 to P20/A00 


¢ Data I/O P17/D15/AD15 to P10/D08/AD08, D07/AD07 to DO0/ADO0 
¢ Bus control signals RDX, P55/WRLX, P54/WRHX 


O Multiplex mode 
¢ Address output P47/A23 to P40/A16 


¢ Address/data I/O P17/D15/AD15 to P10/D08/AD08, D07/AD07 to DO0/ADO0 
¢ Bus control signals RDX, P55/WRLX, P54/WRHX 


This enables external circuits to use the external bus. 


Inputting an "L" level to the P53/HRQ pin changes the output of the P52/HAKX pin to the "H" level, 
restores the external pin statuses, and restarts CPU operation. 


Hold request inputs are ignored in stop mode. 
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Q) Hold timing (external 16-bit bus mode) Non-multiplex mode 


Read cycle —+: x«—— Hold cycle ————>' 'x— Write cycle 
P50/CLK JuWWY we te te Lt lt 


P53/HRQ 


P52/HAKX | | 


P54/WRHX : : : : : 
P55/WRLX x oe : 


P56/RDX 


ee ae os 


ALE 


P47 to 40/A23 to16 _: — (Address) >) Address} 
P37 to 30/A15 to 08 TT (Address) $c adareag} 
P27 to 20/A07 to 00 = (Address) +» + __(Aduress) 


P17 to 1915 to 08 
/AD15 to 08 


Ponte comer te eds ee 


ttRead data: Write datatt 


Q) Hold timing (external 16-bit bus mode) Multiplex mode 


Read cycle —»: «——— Hold cycle ————>: -x— Write cycle 
P50/CLK St ee ee a Se, a ee 
P53/HRQ _- 

P52/HAKX ee ee ee 

P54/WRHX : : 

P55/WRLX = er A et 
P56/RDX _: | , 


a e/a as a ar a es 
P47 to 40/A23 to16 _' = (Addresg)_ 9 —_—_—<address)_— 


P37 to 30/A15 to 08 _«_ Port data 


P27 to 20/A07 to 00 =o Port data 


P17 to Oe i 08 Address} 
/A to 08 KX 
P07 to 00/D07 to 00 ——<D— 1 00m 
: tt Read data: : . Write data tt 


Fig. 3.4.4 Hold Timing 
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3.5 Low Power Modes 


The following operation modes are available: PLL clock mode, PLL sleep mode, timer mode, main clock 
mode, main sleep mode, stop mode, and hardware standby mode. Operation modes other than PLL clock 
mode are classified as low power consumption modes. 


In main clock mode and main sleep mode, the device operates on the main clock only (OSC oscillator 
clock). The PLL clock (VCO oscillator) is halted in these modes and the main clock divided by 2 is used 
as the operating clock. In PLL sleep mode and main sleep mode, the CPU's operating clock only is halted 
and other elements continue to operate. In timer mode, only the timebase timer operates. Stop mode and 
hardware standby mode halt the oscillator, maintaining existing data with minimum power consumption. 


The CPU intermittent operation function provides an intermittent clock to the CPU when register, internal 
memory, internal resource, or external bus access is performed. This function reduces power consumption 
by lowering the CPU execution speed while still providing a high-speed clock to internal resources. 


The PLL clock multiplier can be selected as 1, 2, 3, or 4 by the CS1, 0 bits. 


Table 3.5.1 shows the state of each chip section in each operation mode. 


Table 3.5.1 Operating States in Low Power Modes 


sae nen Oscillation | Clock | cpu | Peripheral Pins How to Exit 
Condition s 

F MCS=1 : , : F Reset 

Main sleep SL P=4 Operating Operating Halted Operating Operating Interrupt 
MCS=0 : . : : Reset 

PLL sleep SL P=1 Operating | Operating Halted Operating Operating Interrupt 
. MCS=0 : Hold current | Reset 

Timer (SPL=0) STP=1 Operating Halted Halted Halted Eels Interrupt 
F MCS=0 : Reset 

Timer (SPL=1) STP=1 Operating Halted Halted Halted HI-Z Interrupt 
MCS=1 Hold current | Reset 

Stop (SPL=0) STP=1 Halted Halted Halted Halted levels Interrupt 
MCS=1 Reset 

Stop (SPL=1) STP=1 Halted Halted Halted Halted HI-Z Interrupt 

Hardware HSTX=L Halted Halted Halted Halted HI-Z HSTX=H 

standby 
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Figure 3.5.1 shows the structure of the low power mode control register and clock selection register. 


m@ LPMCR (Low power mode control register) 


Address: 3 0 Bit No. 


Read/write > (W) (Ww) (RW) (W) (-) (RW) (RW) () 
Initial value > (0) (0) (0) (1) (1) (0) (0) (0) 


@ CKSCR (Clock selection register) 


Address: 15 14 13 12 11 9 8  @Bit No. 
Read/write > (-) (R) (RW) (RW) (-) (RW) (RW) (RW) 


Initial value > (1) (1) (1) (1) (1) (1) (0) (0) 


Fig. 3.5.1 LPMCR and CKSCR 


Note: Accessing the low power mode control register: 


Writing to the low power mode control register changes to the specified low power mode (stop 
mode or sleep mode). However, when changing to a low power mode, always use one of the 
instructions listed in Table 3.5.2. Using instructions other than those listed in Table 3.5.2 can 
cause misoperation. However, any instruction can be used on the low power mode control register 
when controlling functions other than changing to a low power mode. 


Always write to an even-numbered address when performing a word-length write to the low 


power mode control register. Changing to a low power mode by writing to an odd-numbered 
address may cause misoperation. 


Table 3.5.2 Instructions to Use When Changing to a Low Power Mode 


MOV io,#imm8s MOV dir,#imm8& MOV eam,#imms MOV eam,Ri 
MOV i0,A MOV dir,A MOV addrl6,A MOV eam,A 
MOV @RLi+tdisp8,A MOVP addr24,A 

MOVW io,#imm16 MOVW dir,#imm16 MOVW eam,#imm16 MOVW eam,RWi1 
MOVW io,A MOVW dir,A MOVW addrl6,A MOVW eam,A 
MOVW @RLi-+disp8,A MOVPW addr24,A 

SETB io:bp SETB dir:bp SETB adadr16:bp 
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3.5 Low Power Modes 


The following describes the operation for each mode. 


(1) Sleep mode 


@ Transition to sleep mode 


Writing "1" to the SLP bit and "0" to the STP bit in the low power mode control register sets the standby 
control circuit to sleep mode. In sleep mode, only the clock supplied to the CPU stops. The CPU halts but 
the peripheral circuits continue to operate. 


If an interrupt request is present when "1" is written to the SLP bit, the standby control circuit does not 
change to sleep mode. Therefore, if the CPU cannot receive the interrupt, the CPU proceeds to execute the 
next instruction. If the CPU can receive the interrupt, execution immediately branches to the interrupt 
processing routine. 


Sleep mode maintains the contents of internal RAM and the contents of the accumulator and other special 
registers. The external bus hold function continues to operate in sleep mode. The device goes to the hold 
state if a hold request is received. 


@ Wake-up from sleep mode 


The standby control circuit exits sleep mode when a reset input or interrupt occurs. When sleep mode is 
cleared by a reset, the device enters the reset state after waking up from sleep mode. 


The standby control circuit exits sleep mode when an interrupt request with a higher priority than level 7 is 
generated by a peripheral circuit or other source. Normal interrupt processing starts after exiting sleep 
mode. The CPU executes interrupt processing if the I flag, ILM, and interrupt control register (ICR) 
settings allow the interrupt to be received. If the CPU cannot receive the interrupt, execution continues 
from the next instruction after the instruction that entered sleep mode. 


Note: When executing interrupt processing, the device normally enters interrupt processing after 
executing the next instruction after the instruction that entered sleep mode. However, the device 
may enter interrupt processing before execution of the next instruction if an external bus hold 
request was received at the same time as the device changed to sleep mode. 


(2) Watch mode 

@ Transition to watch mode 

Writing "1" to the STP bit in the low power mode control register when the MCS bit in the clock selection 
register is "0" sets the standby control circuit to watch mode. In watch mode, all operation halts except for 


the source oscillator and timebase timer. This halts almost all chip functions. 


The SPL bit in the low power mode control register controls whether I/O pins hold their existing states or 
change to high impedance during watch mode. 


If an interrupt request is present when "1" is written to the STP bit, the standby control circuit does not 
change to watch mode. 
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Watch mode maintains the contents of internal RAM and the contents of the accumulator and other 
dedicated registers. The external bus hold function halts in watch mode and hold request inputs are not 
accepted. It is possible that the bus changes to the Hi-Z state but the HAKX signal does not change to "L" 
if a hold request is input during transition to watch mode. 


@ Releasing watch mode 


The standby control circuit releases watch mode when a reset input or interrupt occurs. When watch mode 
is released by a reset, the device enters the reset state after releasing watch mode. 


When recovering from watch mode, the standby control circuit first releases watch mode, then delays for 
the PLL clock oscillation to stabilize. As the MCS bit is not cleared by an external reset, the reset sequence 
is executed using the main clock if the duration of the reset is shorter than the PLL clock oscillation 
stabilization delay. As the timebase timer is not cleared, the PLL clock oscillation stabilization delay time 
will vary between 2 and 3 * 2!3 main clock cycles, depending on the state of the timebase timer. 


The standby control circuit releases watch mode when an interrupt request with a higher priority than level 
7 is generated by a peripheral circuit or other source. Normal interrupt processing starts after releasing 
watch mode. The CPU executes interrupt processing if the I flag, ILM, and interrupt control register (ICR) 
settings allow the interrupt to be received. If the CPU cannot receive the interrupt, execution continues 
from the next instruction after the instruction that entered watch mode. 


Note: When executing interrupt processing, the device normally enters interrupt processing after 
executing the next instruction after the instruction that entered watch mode. However, the device 
may enter interrupt processing before execution of the next instruction if an external bus hold 
request was received at the same time as the device changed to watch mode. 


Note: The device enters the PLL clock oscillation stabilization delay state after releasing watch mode. 
Therefore, if not using the PLL clock, change the MCS bit to "1" immediately after the reset or in 
the first instruction at the interrupt destination. 


(3) Stop mode 

@ Transition to stop mode 

Writing "1" to the STP bit in the low power mode control register when the MCS bit in the clock selection 
register is "1" sets the standby control circuit to stop mode. Stop mode stops the source oscillator, halting 


all chip functions. Therefore, this mode can maintain data with minimum power consumption. 


The SPL bit in the LPMCR register controls whether I/O pins hold their existing states or change to high 
impedance during stop mode. 


If an interrupt request is present when "1" is written to the STP bit, the standby control circuit does not 
change to stop mode. 
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Stop mode maintains the contents of internal RAM and the contents of the accumulator and other special 
registers. The external bus hold function halts in stop mode and hold request inputs are not accepted. It is 
possible that the bus changes to the Hi-Z state but the HAKX signal does not change to "L" if a hold 
request is input during transition to stop mode. 


@ Wake-up from stop mode 


The standby control circuit exits stop mode when a reset input or interrupt occurs. When stop mode is 
cleared by a reset, the device enters the reset state after waking up from stop mode. 


When recovering from stop mode, the standby control circuit first delays for the oscillation to stabilize, 
then exits stop mode. Therefore, if stop mode is exited by a reset, the reset sequence does not execute until 
after the oscillation stabilization delay. 


The standby control circuit clears stop mode when an interrupt request with a higher priority than level 7 is 
generated by a peripheral circuit or other source. After wake-up from stop mode, normal interrupt 
processing starts after the delay for the main clock oscillation to stabilize. The duration of the delay is 
specified in the WS1 and WSO bits in the CKSCR register. The CPU executes interrupt processing if the I 
flag, ILM, and interrupt control register (ICR) settings allow the interrupt to be received. If the CPU 
cannot receive the interrupt, execution continues from the next instruction after the instruction that entered 
stop mode. 


Note: When executing interrupt processing, the device normally enters interrupt processing after 
executing the next instruction after the instruction that entered stop mode. However, the device 
may enter interrupt processing before execution of the next instruction if an external bus hold 
request was received at the same time as the device changed to stop mode. 


(4) Hardware standby mode 


@ Entering hardware standby mode 


Applying an "L" level to the HSTX pin sets the standby control circuit to hardware standby mode, 
regardless of the current state. Hardware standby mode halts the oscillator and sets all I/O pins to high 
impedance. The mode continues for as long as the HSTX pin is "L" and is unaffected by other states, 
including resets. 


Hardware standby mode maintains the contents of internal RAM, but initializes the accumulator and other 
special registers. 


@® Wake-up from hardware standby mode 
Hardware standby mode can only be cleared by the HSTX pin. When the HSTX pin changes to the "H" 
level, the standby control circuit clears hardware standby mode, asserts the internal reset signal, and enters 


the oscillation stabilization delay state. After the oscillation stabilization delay completes, the standby 
control circuit clears the internal reset and the CPU starts execution from the reset sequence. 
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(5) CPU intermittent operation function 


The CPU intermittent operation function halts the clock to the CPU for a fixed duration when register, 
internal memory (ROM, RAM, I/O, or resource), or external bus access is performed and delays the start 
of the internal bus cycle. This function reduces power consumption by lowering the CPU execution speed 
while still providing a high-speed clock to internal resources. The CG1 and CGO bits specify the number 
of clock cycles that the CPU clock is stopped. 


External bus operation uses the same clock as the resources. 


The instruction execution time when the CPU intermittent operation function is used is calculated by 
adding a correction value to the normal execution time. The correction value is determined by multiplying 
the number of cycles that the clock is stopped by the number of register, internal memory, internal 
resource, or external bus accesses. 


Peripheral clock 
GPU clock a 


- Cycles temporarily stopped ‘ tInternal bus activation cycle 
by intermittent operation 


(6) Setting the oscillation stabilization delay time 


The WS1 and WSO bits select the oscillation stabilization delay time used on release of stop mode or 
hardware standby mode, or when a watchdog reset occurs. Set the oscillation stabilization delay time 
based on the type and characteristics of the oscillator circuit and oscillator element connected to the X0 
and X1 pins. 


These bits are not initialized by resets other than the power-on reset. The bits are initialized to "11" by a 
power-on reset. Therefore, the oscillation stabilization delay after power-on is approximately 2!* counts of 
the source oscillator. 


(7) Switching the machine clock 


@ Switching between the main clock and PLL clock 
Operation can be switched between the main clock and the PLL clock by writing to the MCS bit in the 
CKSCR register. 


If the MCS bit is changed from "1" to "0", the device switches from the main clock to the PLL clock after 
the oscillation stabilization delay for the PLL clock (2'? machine clocks). 


If the MCS bit is changed from "0" to "1", the device switches from the PLL clock to the main clock at the 
next timing when the PLL and main clock edges match (after between 1 and 8 PLL clocks). 


Note that the machine clock does not switch immediately after changing the MCS bit. Therefore, when 
using resources that depend on the machine clock, check the MCM bit to confirm that the clock switch has 
occurred before using the resource. 


@ Initializing the machine clock 


The MCS bit is not initialized by external pin and RST bit resets. Other resets initialize MCS to "1". 
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(8) State transitions 


Figure 3.5.2 shows the state transitions for the low power modes. 


Power-on 


Hardware Oscillation 
stabilization 
delay 
Se. Reset 
(3) 
Oscillation 
stabilization (3) 
Watch 
delay 
(11) 
(5) 
(5) 
(3) (11) 
(3) 
PLL clock 
Stop mode (7) 
RUN mode 
(6) 


PLL clock 


sleep mode 


(8) 


Completion of the oscillation stabilization delay 


Fig. 3.5.2 State Transitions for Low Power Modes 


Low Power Modes 


Wake-up from hardware standby 


(1) 

(2) Reset released, MCS = "1" (9) MCS ="0" 

(3) Reset input (10) MCS ="1" 

(4) SLP ="1",MCS = "1" (11) STP ="1", MCS = "0" 

(5) Interrupt input (12) SLP = "1", MCS = "0" 

(6) STP="1", MCS = "1" (13) Reset released, MCS = "0" 
(7) Hardware standby input 
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3.6 Pin States During Sleep, Stop, Hold, and Reset 


Tables 3.6.1 to 3.6.4 list the pin states for each bus mode during stop, hold, and reset. 


Table 3.6.1 Pin States in External Bus/16-Bit Data Bus Mode and Non-Multiplex Mode 


Stop Hardware 
Pin Slee Hold Reset 
P SPL=0 SPL=1 Standby 
DO07 to DOO Input disabled Input disabled Input disabled 
D15 to D08 Hi-Z output Hi-Z output Input disabled Hi-Z output 
A07 to A0O Output Output Hi-Z output 
A15 to AOS (Note 1) (Note 1) 
Input disabled re 
npu Note 1) 
Output Output ; (No 
A23 to A16 Hi-Z output 
(Note 1) (Note 4) (Note 1) (Note 4) (Note 4) 
Input disabled Input disabled Input disabled 
P50 (CLK) Output enabled Output Output enabled 
(Note 2) (Note 4) (Note 1) (Note 4) (Note 2) (Note 4) 
Input disabled 
P51 (RDY) Hold : Input Output "H" Output "H" 
Hold previous state ee pees disconnected | (Note 3) (Note 4) Noes) Input 
P52 (HAKX) | ‘Note 9) (Note 5) Hi-Z output | Output "L" disconnected 
P53 (HRQ) iNote's) earn Hi-Z output 
P (Note 6) 
P54 (WRHX) | Output "H" Output "H" Output "H" 
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4) 
RDX Output "H" Output "H" Output "H" 
Output "H" Sait ae 
“pm opm Note 3 utput enable 
ALE Output "L Output "L ( ) (Note 2) 
P67 to P60 . 
Input disabled 
P86 to P81 Hold previous Hez output 
P95 to P90 F 
Hold previous state A Hold previous 
PAT to PAI hee u (Note 5) slate Output "H" 
CSO (Note 5) (Note 3) 
P76 to P70 Input disabled 
P80 Input enabled Hi-Z output 

Note 1: The "output" state means that drive is enabled for the pin driver transistor but, as the internal 
circuit is not operating, the output is fixed at the "H" or "L" level. 

The output may change at timings other than during a reset if the internal peripheral circuit is 
operating and uses the output function. The output does not change during a reset. 

Note 2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation 
of the internal circuit is enabled, output from the internal circuit appears at the pin. 

Note 3: Operates as a pulled-up output. 

Note 4: | When used as an output port, the pin holds its previous state. 

Note 5: "Hold previous state" means the pin continues to output the state output immediately before 
entering this mode. For input pins, this means that input is disabled. For output pins belonging 
to internal peripherals that continue to operate, continuing to output the current output state 
means that the pin continues to output the value set by the internal peripheral. For port or 
similar output pins, it means that the pin holds its current output level. "Input disabled" means 
that, although operation of the input gate for the pin is enabled, the pin value is not recognized 
internally because the internal circuit is not operating. 

Note 6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z 


output" means that drive is enabled for the pin driver transistor and the pin goes to the high 
impedance state. 
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Table 3.6.2 Pin States in External Bus/8-Bit Data Bus Mode and Non-Multiplex Mode 


Stop Hardware 
Pin Slee Hold Reset 
E SPL=0 SPL=1 Standby 
Input disabled Input disabled Input disabled Input disable 
DO7toD00 | Hi-Z output Hi-Z output Hi-Z output Hi-Z output 
A07 to A00 Output Output Input disabled 
A15 to A08 (Note 1) (Note 1) Hi-Z output 
Input disabled ae 
nput al Note 1) 
Output Output ; (No 
A23 to A16 Hi-Z output 
(Note 1) (Note 4) | (Note 1) (Note 4) (Note 4) 
Input disabled Input disabled Input disabled 
P50 (CLk) Output enabled Output Output enabled 
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4) 
Input disabled 
P51 (RDY) Output "H" 
(Note 3) (Note 4) 
P52 (HAKX) Hold previous Hold previous Input Output "L" Output "H" 
state state disconnected (Note 3) In 
wan put 
pes) (Note 5) (Note 5) Hi-Z output mp disconnected 
(Note 6) Hold previous Hi-Z output 
P54 (WRHX) state (Note 6) 
(Note 5) 
Output "H" Output "H" Output "H" 
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4) 
RDX Output "H" Output "H" Output "H" 
Output "H" Gusulsnabied 
ai er Note 3 utput enabie 
ALE Output "L Output "L ( ) (Note 2) 
P17 to P10 
P67 to P60 ; Input disabled 
P86 to P81 Hold previous Hi-Z output 
P95 to P90 Hold previous state Hold previous 
Note 5 
PA7 to PAI hee a a ee 5 Output "H" 
cso (Note 3) 
P77 to P70 Input disabled 
P80 Inpubenabled Hi-Z output 

Note 1: The "output" state means that drive is enabled for the pin driver transistor but, as the internal 
circuit is not operating, the output is fixed at the "H" or "L" level. 

The output may change at timings other than during a reset if the internal peripheral circuit is 
operating and uses the output function. The output does not change during a reset. 

Note 2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation 
of the internal circuit is enabled, output from the internal circuit appears at the pin. 

Note 3: Operates as a pulled-up output. 

Note 4: When used as an output port, the pin holds its previous state. 

Note 5: "Hold previous state" means the pin continues to output the state output immediately before 
entering this mode. For input pins, this means that input is disabled. For output pins belonging 
to internal peripherals that continue to operate, continuing to output the current output state 
means that the pin continues to output the value set by the internal peripheral. For port or 
similar output pins, it means that the pin holds its current output level. "Input disabled" means 
that, although operation of the input gate for the pin is enabled, the pin value is not recognized 
internally because the internal circuit is not operating. 

Note 6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z 


output" means that drive is enabled for the pin driver transistor and the pin goes to the high 
impedance state. 
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Table 3.6.3 Pin States in External Bus/16-Bit Data Bus Mode and Multiplex Mode 


Stop Hardware 
Pin Slee Hold Reset 
c SPL=0 SPL=1 Standby 
AD07 to ADOO Input disabled Input disabled Input disabled Input disabled 
AD15 to ADO8 Hi-Z output Hi-Z output Hi-Z output Hi-Z output 
A23 to A16 Suipyh aaee aa SulpU 
(Note 1) (Note 4) | (Note 1) (Note 4) (Note 4) (Note 1) 
Input disabled Input disabled Input disabled 
P50 (CLK) Output enabled Output Output enabled 
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4) 
Input disabled 
pal anDy) Hold previous Hold previous tae ie 4 Output "H" 
state state (Notes) (Nolo) (Note 3) 
P52 (HAKX) (Note 5) (Note 5) Input Output "L" 
disconnected a Input 
P53 (HRQ : Input "1 pu 
( ) Hi-Z output p disconnected 
P54 (WRHX) Output "H" Output "H" (Note 6) Output "H" Hi-Z output 
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4) (Note 6) 
RDX Output "H" Output "H" Output "H" 
Output "H" Bi snaied 
aie wpa Note 3 utput enabie 
ALE Output "L Output "L ( ) (Note 2) 
P27 to P20 
P37 to P30 : 
Input disabled 
P67 to P60 Hold previous Hez output 
P86 to P81 F . 
5 Hold previous State Hold previous 
solos state (Note 5) state 
PAT to PAt (Note 5) (Note 5) Output "H" 
cso (Note 3) 
P76 to P70 Input disabled 
P80 Input enabled HI-Z output 

Note 1: The "output" state means that drive is enabled for the pin driver transistor but, as the internal 
circuit is not operating, the output is fixed at the "H" or "L" level. 

The output may change at timings other than during a reset if the internal peripheral circuit is 
operating and uses the output function. The output does not change during a reset. 

Note 2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation 
of the internal circuit is enabled, output from the internal circuit appears at the pin. 

Note 3: Operates as a pulled-up output. 

Note 4: | When used as an output port, the pin holds its previous state. 

Note 5: "Hold previous state" means the pin continues to output the state output immediately before 
entering this mode. For input pins, this means that input is disabled. For output pins belonging 
to internal peripherals that continue to operate, continuing to output the current output state 
means that the pin continues to output the value set by the internal peripheral. For port or 
similar output pins, it means that the pin holds its current output level. "Input disabled" means 
that, although operation of the input gate for the pin is enabled, the pin value is not recognized 
internally because the internal circuit is not operating. 

Note 6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z 


output" means that drive is enabled for the pin driver transistor and the pin goes to the high 
impedance state. 


190 Chapter 3: Operation 


3.6 Pin States During Sleep, Stop, Hold, and Reset 


Table 3.6.4 Pin States in External Bus/8-Bit Data Bus Mode and Multiplex Mode 


Stop Hardware 
Pin Slee Hold Reset 
SPL=0 SPL=1 Standby 
Input disabled Input disabled Input disabled 
eee Oe | BZ output Hi-Z output Input disabled Hi-Z output 
Output Output Hi-Z output 
ADS Te AOE | (Note (Note 1) 
Input disabled ne 
nput al Note 1) 
Output Output ; (No 
A23 to A16 Hi-Z output 
(Note 1) (Note 4) | (Note 1) (Note 4) (Note 4) 
Input disabled Input disabled Input disabled 
P50 (CLk) Output enabled Output Output enabled 
(Note 2) (Note 4) | (Note 1) (Note 4) (Note 2) (Note 4) 
Input disabled 
P51 (RDY) Output "H" 
(Note 3) (Note 4) 
P52 (HAKX) Hold previous Hold previous non Output "L" Output "H" 
state state npu (Note 3) 
P53 (HRQ) (Note 5) (Note 5) disconnected Input "1" Input 
Hi-Z output Hold previous disconnected 
P54 (WRHX) (Note 6) state Hi-Z output 
(Note 5) (Note 6) 
Output "H" Output "H" Output "H" 
P55 (WRLX) (Note 4) (Note 4) (Note 3) (Note 4) 
RDX Output "H" Output "H" Output "H" 
Output "H" Suis aa 
pw mon Note 3 utput enable 
ALE Output "L Output "L ( ) (Note 2) 
P27 to P20 
P37 to P30 . 
Input disabled 
P67 to P60 Hold previous 
P86 to P81 zone 
Se Hold previous state Hold previous 
ele state (Note 5) state 
PA7 to PA‘ (Note 5) (Note 5) Output "H" 
cso (Note 3) 
P77 to P70 Input disabled 
P80 japubenebled Hi-Z output 

Note 1: The "output" state means that drive is enabled for the pin driver transistor but, as the internal 
circuit is not operating, the output is fixed at the "H" or "L" level. 

The output may change at timings other than during a reset if the internal peripheral circuit is 
operating and uses the output function. The output does not change during a reset. 

Note 2: "Output enabled" means that, as the drive for the pin driver transistor is enabled and operation 
of the internal circuit is enabled, output from the internal circuit appears at the pin. 

Note 3: Operates as a pulled-up output. 

Note 4: When used as an output port, the pin holds its previous state. 

Note 5: "Hold previous state" means the pin continues to output the state output immediately before 
entering this mode. For input pins, this means that input is disabled. For output pins belonging 
to internal peripherals that continue to operate, continuing to output the current output state 
means that the pin continues to output the value set by the internal peripheral. For port or 
similar output pins, it means that the pin holds its current output level. "Input disabled" means 
that, although operation of the input gate for the pin is enabled, the pin value is not recognized 
internally because the internal circuit is not operating. 

Note 6: "Input disconnected" means that operation of the input gate for the pin is disabled. "Hi-Z 
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Chapter 4: 
Instructions 


4.1 Addressing 


In the F7MC-16L, the address format is determined by either the instruction's effective address 
specification, or by the instruction code itself (implied addressing). 


4.1.1 Effective address field 


The address formats specified in the effective address field are shown in Table 4.1.1. 


Table 4.1.1 Table 4.1.1 Effective Address Field 


4.1 Addressing 


Code Notation Address format Default bank 
00 RO RWO RLO 
Ol R1 RW1 | (RLO) 
Oe es aia See Register direct 
re = DNS (| RED Starting from the left, "ea" corresponds to the None 
ma aes adel ee byte, word and long-word types 
05 RS | RWS (RL2)) 7” Te 
06 R6 RW6 RL3 
07 R7 RW7 | (RL3) 
08 @RWO DTB 
mee rere Register indirect Pie 
0A @RW2 . ADB 
OB @RW3 SPB 
OC @RW0+ DTB 
OD @RWI1+ Re Serordwer Sa nee ti DTB 
0E @RW2+ egister indirect with post-incrementing ADB 
OF @RW3+ SPB 
10 @RWO*disp8 DTB 
11 @RW1+disp8 ‘ os : or DTB 
D @RW2+disp8 Register indirect with 8-bit displacement ADB 
13 @RW3+disp8 SPB 
14 @RW4+disp8 DTB 
15 @RW5+disp8 ‘ are , er DTB 
16 @RW6+disp8 Register indirect with 8-bit displacement ADB 
17 @RW7+disp8 SPB 
18 @RW0+disp16 DTB 
19 @RW1+disp16 : wer : ar DTB 
1A @RW2+disp16 Register indirect with 16-bit displacement ADB 
1B @RW3+disp16 SPB 
1C @RW0+RW7 Register indirect with index DTB 
1D @RW1+RW7 Register indirect with index DTB 
1E @PC+disp16 PC indirect with 16-bit displacement PCB 
1F addr 16 Direct address DTB 
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4.1 Addressing 


4.1.2 Addressing Details 
(1) Immediate value (#imm) 
This format specifies the operand value directly. 

¢ #imm4 
« #imm8s 
¢ #imm6 
¢ #imm32 

(2) Compressed direct address (dir) 


In this format, the operand specifies the low-order 8 bits of the memory address. Bits 8 to 15 of the 
address are specified by the DPR. Bits 16 to 23 of the address are indicated by the DTB. 


(3) Direct address (addr16) 


In this format, the operand specifies the low-order 16 bits of the memory address. Bits 16 to 23 of the 
address are indicated by the DTB. 


(4) Register direct 
This format specifies a direct register as the operand. 
General-purpose registers 
Byte: RO, R1, R2, R3, R4, R5, R6, R7 
Word: RWO, RW1, RW2, RW3, RW4, RWS, RW6, RW7 
Long word: RLO, RL1, RL2, RL3 
Dedicated registers 


Accumulator: A, AL 


Pointer: SP 

Bank: PCB, DTB, USB, SSB, ADB 
Page: DPR 

Control: PS, CCR, RP, ILM 


Regarding the SP, either the USP or the SSP is selected and used, depending on the value of the S 
bit in the CCR. In addition, in a branching instruction, the PC is implicitly specified, and is not 
described in the instruction operand. 
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4.1 Addressing 


(5) Register indirect (@RWj j = 0 to 3) 
This format accesses the memory address indicated by the contents of the general-purpose register 
RWj. When RWO/RW1 is used, bits 16 to 23 of the address are indicated by DTB; if RW3 is used, bits 


16 to 23 of the address are indicated by SPB, and if RW2 is used, bits 16 to 23 of the address are 
indicated by ADB. 


(6) Register indirect with post-incrementing (@RWj + j = 0 to 3) 


This format accesses the memory address indicated by the contents of the general-purpose register 
RWj. After the operand operation, RWj is incremented by the data length of the operand (by 1 fora 
byte, 2 for a word, and 4 for a long-word). When RWO/RW1 is used, bits 16 to 23 of the address are 
indicated by DTB; if RW3 is used, bits 16 to 23 of the address are indicated by SPB, and if RW2 is 
used, bits 16 to 23 of the address are indicated by ADB. Note that if the post-incremented result is the 
address of the register for which the increment specification was made, the value that is referenced 
subsequently is the incremented value. In addition, in such a case, if the instruction was a write 
instruction, the data written by the instruction is given priority, so the register that was to have been 
incremented contains the write data in the end. 


(7) Register indirect with displacement | @RWi + disp8 i = 0 to 7 
@RWj + disp16 j =0to3 


This format accesses the memory address indicated by the sum of the contents of the general-purpose 
register RWj and the displacement value. The displacement value can be one of two types, either a byte 
or a word, and is added as a signed value. When RWO, RW1, RW4, or RWS is used, bits 16 to 23 of the 
address are indicated by DTB; if RW3 or RW7 is used, bits 16 to 23 of the address are indicated by 
SPB, and if RW2 or RW6 is used, bits 16 to 23 of the address are indicated by ADB. 


(8) Register indirect with base index (@RW0 + RW7, @RW1 + RW7) 


This format accesses the memory address indicated by the sum of the contents of the general-purpose 
register and either RWO or RW1. Bits 16 to 23 of the address are indicated by DTB. 


(9) Program counter indirect with displacement (@PC + disp16) 


This format accesses the memory address indicated by the sum of the "instruction address + 4 + 
disp16". The displacement value is a word length value. Bits 16 to 23 of the address are indicated by 
PCB. 


The operand address is generally regarded as "the next instruction address + disp16", but note that this 
does not hold true for the instructions indicated below: 


¢ DBNZ eam, rel 

¢ DWBNZ eam, rel 

¢ MOV eam, #imm8& 

¢ MOVW eam, #imm16 

¢ CBNE eam, #imm8, rel 

¢ CWBNE eam, #imm16, rel 
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(10) Accumulator indirect (@A) 


This format has two types: one in which the contents of AL specify bits 00 to 15 of the address and 
DTB indicates bits 16 to 23; and one in which the low-order 24 bits of A specify bits 00 to 23 of the 
address. 


(11) I/O direct (io) 


In this format, the memory address of the operand is specified directly by the 8-bit displacement value. 
Regardless of the value of DTB and DPR, the I/O space from 000000 to OOOOFF# is accessed. The 
access space specification prefix has no effect on this addressing format. 


(12) Long register indirect with displacement (@RLi + disp8 i = 0 to 3) 


This format accesses the memory address indicated by the low-order 24 bits of the sum of the contents 
of the general-purpose register RLi plus the displacement value. The displacement value is 8 bits, and 
is added as a signed numeral. 


(13) Compressed direct bit address (dir:bp) 


This format specifies the low-order 8 bits of the memory address with the operand. In addition, bits 8 to 
15 of the address are indicated by DPR. Finally, bits 16 to 23 of the address are indicated by DTB. The 
bit position is indicated by ":bp", with larger numbers being closer to the MSB and smaller numbers 
being closer to the LSB. 


(14) I/O direct bit address (io:bp) 


This format directly specifies a bit within a physical address from 000000 to OOOOFFH. The bit 
position is indicated by ":bp", with larger numbers being closer to the MSB and smaller numbers being 
closer to the LSB. 


(15) Direct bit address (addr16:bp) 


This format directly specifies any bit within a 64-kilobyte region. Bits 16 to 23 of the address are 
indicated by DTB. The bit position is indicated by ":bp", with larger numbers being closer to the MSB 
and smaller numbers being closer to the LSB. 


(16) Register list (rist) 
This format specifies the register that is the target of a stack push/pop instruction. 


MSB LSB 


RW7 | RW6 |} RW5 | RW4 | RW3 | RW2 | RW1 | RWO 


A register is selected when the corresponding bit is "1", 
and is not selected when the corresponding bit is "0". 


Fig. 4.1.1 Register List Configuration 
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4.1 Addressing 


(17) Program counter relative branching address (rel) 


With this format, the address of the destination of a branching instruction is the sum of the value of the 
PC and the 8-bit displacement value. If the result exceeds 16 bits, the amount of the overflow is 
ignored and the bank register is not incremented or decremented; therefore, the address is kept within a 
64-kilobyte bank. This format is used in unconditional and conditional branching instructions. Bits 16 
to 23 of the address are indicated by PCB. 


(18) Direct branching address (addr16) 


With this format, the address of the destination of a branching instruction is specified directly by the 
displacement value. The displacement value is 16 bits, and indicates the branching destination within a 
logical memory space. This format is used in unconditional branching instructions and subroutine call 
instructions. Bits 16 to 23 of the address are indicated by PCB. 


(19) Physical direct branching address (addr24) 


With this format, the address of the destination of a branching instruction is specified directly by the 
displacement value. The displacement value is 24 bits, and specifies the physical address of the 
branching destination. This format is used in unconditional branching instructions, subroutine call 
instructions, and software interrupt instructions. 


(20) Accumulator indirect branching address (@A) 


In this format, the 16 bits of the accumulator AL specify the branching destination address. This 
address indicates a branching destination within a bank space; in this case, bits 16 to 23 of the address 
are indicated by the PCB. In the case of JCTX, however, bits 16 to 23 of the address are indicated by 
DTB. This format is used in unconditional branching instructions. 


(21) Vector address (#vct) 


The contents of the specified vector become the branching destination address. There are two data 
lengths for vector numbers: 4 bits and 8 bits. This format is used in subroutine call instructions and 
software interrupt instructions. 


(22) Indirect specification branching address (@ear) 
The word data in the address indicated by "ear" is the branching destination address. 
(23) Indirect specification branching address (@eam) 


The word data in the address indicated by "eam" is the branching destination address. 
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4.2 Instruction Set 


Table 4.2.1 Explanation of Items in Table of Instructions 


Item Explanation 
Upper-case letters and symbols: ........ Described as they appear in assembler. 
Mnemonic Lower-case letters: .......ceeeeeseeeeeeeeees Replaced when described in assembler. 
Numbers after lower-case letters: ...... Indicate the bit width within the instruction. 
# Indicates the number of bytes. 
Indicates the number of cycles. 
See Table 4.2.4 for details about meanings of letters in items. 
RG Indicates the register access count during execution of instruction. This number is used to 
compensation the correction value when using the CPU clock gear function. 
Indicates the compensation value for calculating the number of actual cycles during execution 
of instruction. 
B fe A: : 
The number of actual cycles during execution of instruction is the compensation value summed 
with the value in the "~" column. 
Operation Indicates operation of instruction. 
Indicates special operations involving bits 15 through 08 of the accumulator. 
Livastestis Transfers "0". 
LH ; : 
>, Caner Sign-extended transfer through sign extension. 
Hos saustens Transfers nothing. 
Indicates special operations involving the high-order 16 bits in the accumulator. 
PE Statens Transfers from AL to AH. 
AH = tigudsetes No transfer. 
Lisscsiess Transfers 00 to AH. 
Reacstin Transfers 00u or FFx to AH using sign extension AL. 
I 
Ss . . . . . 
Indicates the status of each of the following flags: I (interrupt enable), S (stack), T (sticky bit), 
T N (negative), Z (zero), V (overflow), and C (carry). 
N a Aer eNe Changes due to execution of instruction. 
eo iotisaees No change. 
Z Siecdetts Set by execution of instruction. 
Rev ccste Reset by execution of instruction. 
Vv 
C 
Indicates whether the instruction is a read-modify-write instruction (a single instruction that 
reads data from memory, etc., processes the data, and then writes the result to memory.). 
meted atte Instruction is a read-modify-write instruction 
RMW 


Sleiauete Instruction is not a read-modify-write instruction 
Note: A read-modify-write instruction cannot be used on addresses that have different mean- 
ings depending on whether they are read or written. 
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4.2 Instruction Set 


M@ Number of execution cycles 


The number of cycles required for the execution of an instruction is obtained by summing the value 
shown in the table for the "number of cycles" for the instruction in question, the compensation value 
(which depends on certain conditions), and the "number of cycles" needed for the program fetch. 


When fetching a program in memory connected to the 16-bit bus, such as on-chip ROM, a program 
fetch is performed for each two-byte (word) boundary crossed by the instruction being executed; 
therefore, if there is any interference with data access, etc., the number of execution cycles increases. 


When fetching a program in memory connected to the 8-bit external data bus, a program fetch is 
performed for each byte of the instruction being executed; therefore, if there is any interference with 
data access, etc., the number of execution cycles increases. 


The CPU intermittent operation function halts the clock to the CPU for a specified number of cycles 
when general purpose register, internal ROM, internal RAM, internal I/O, or external bus access is 
performed. The CG1 and CGO bits in the low power mode control register set the number of cycles that 
the clock is halted. 


Therefore, the number of cycles required to execute an instruction when the CPU intermittent operation 
function is used is calculated by adding a correction value to the normal number of execution cycles. 
The correction value is the number of accesses multiplied by the number of cycles that the clock is 
halted. 
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Instruction Set 


Table 4.2.2 Explanation of Symbols in Table of Instructions 


Symbol Explanation 

32-bit accumulator 

The bit length varies according to the instruction. 
A Byte? vsccosestt. Low-order 8 bits of AL 

Word: .......... 16 bits of AL 
Long? ......... 32 bits of AL:AH 

AH High-order 16 bits of A 
AL Low-order 16 bits of A 
SP Stack pointer (USP or SSP) 
PC Program counter 
PCB Program bank register 
DTB Data bank register 
ADB Additional data bank register 
SSB System stack bank register 
USB User stack bank register 
SPB Current stack bank register (SSB or USB) 
DPR Direct page register 
brg1 DTB, ADB, SSB, USB, DPR, PCB, SPB 
brg2 DTB, ADB, SSB, USB, DPR, SPB 
Ri RO, R1, R2, R3, R4, R5, R6, R7 
RWi RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7 
RWj RWO, RW1, RW2, RW3 
RLi RLO, RL1, RL2, RL3 
dir Compact direct addressing 
addr16 Direct addressing 
addr24 Physical direct addressing 
ad24 0-15 Bits 0 to 15 of addr24 
ad24 16-23 Bits 16 to 23 of addr24 
10 1/O area (000000 to OOOOFFH) 
#imm4 4-bit immediate data 
#imm8 8-bit immediate data 
#imm16 16-bit immediate data 
#imm32 32-bit immediate data 
ext(imm8) 16-bit data signed and extended from 8-bit immediate data 
disp8 8-bit displacement 
disp16 16-bit displacement 
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4.2 Instruction Set 


Table 4.2.2 Explanation of Symbols in Table of Instructions (Continued) 


Symbol Explanation 
bp Bit offset value 
vet4 Vector number (0 to 15) 
vet8 Vector number (0 to 255) 
( )b Bit address 
rel Branch specification relative to PC 
ear Effective addressing (codes 00 to 07) 
eam Effective addressing (codes 08 to 1F) 
rlst Register list 
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Table 4.2.3 Effective Address Fields 


Number of 
bytes for 
Code Notation Address format adarace 
extension * 

oe BO WO REO Register direct 

01 RI Rw1 | (RLO) g 

The ea (effective address) corresponds 

OF Be We ie to the following types (from the left, in 

03 R3 RW3 | (RL1) | Order: g typ 7 
04 R4 RW4 RL2 bee : 

05 R5 RW5 | (RL2) ae : 

06 R6 RW6 RL3 Iona icie 

07 R7 | RW7 | (RL3) | °"Y 

08 @RWO 

09 @RW1 ab 

OA @RW2 Register indirect 0 

OB @RW3 

0C @RW0+ 

0D @RW1+ ee 

OF @RW2+ Register indirect with post increment 0 

OF @RW3+ 

10 @RWO0+disp8 

11 @RW1+disp8 

12 @RW2+disp8 

13 @RW3+disp8 Register indirect with 8-bit { 

14 @RW4+disp8 displacement 

15 @RW5+disp8 

16 @RW6+disp8 

17 @RW7+disp8 

18 @RW0O+disp16 

19 @RW1+disp16 Register indirect with 16-bit 2 
1A @RWe+disp16 displacement 

1B @RW3+disp16 

1c @RW0+RW7 Register indirect with base index 0 

1D @RW1+RW7 Register indirect with base index 0 

1E @PC+disp16 Program counter indirect with 16-bit 2 

displacement 
1F addr16 Direct address 2 


*: The number of bytes in the address extension are added for instructions with “+” in the “#” 
(number of bytes) column in the instruction set tables. 
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4.2 Instruction Set 


Table 4.2.4 Number of Execution Cycles for Each Form of Addressing 


(a)* 
: Number of accesses for 
Code Operand Number of execution each form of 
cycles for each addressing 
addressing type 

1 tas Listed in the instruction | Listed in the instruction 
07 RLi set table set table 
08 

| @RWj 2 1 
OB 
OC 

| @RWj+ 4 2 
OF 
10 

@RWi+disp8& 2 1 

| p 
17 
18 

| @RWj-+disp16 p) 1 
1B 
1C @RW0+RW7 4 2 
1D @RW1+RW7 4 2 
1E @PC+disp16 2 0 
1F addr16 1 0 


we 


: (a) corresponds to (a) in the “~” (number of cycles) column “B” (correction value) colum and in 
the instructions. 
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4.2 Instruction Set 


Table 4.2.5 Compensation Values for Number of Cycles Used to Calculate Number of Actual 


Cycles 
(b) byte (c)word (d)long 

Operand Number of | Number of | Number of | Number of | Number of | Number of 

Cycles Accesses Cycles Accesses Cycles Accesses 
Internal register +0 1 +0 1 +0 2 
Internal RAM even address +0 1 +0 1 +0 2 
Internal RAM odd address +0 1 +2 2 +4 4 
Even address on external data bus (16 bits) +1 1 +1 1 +2 2 
Odd address on external data bus (16 bits) +1 1 +4 2, +8 4 
External data bus (8 bits) +1 1 +4 2 +8 4 


Note1: (b), (c), and (d)correspond to the "~" (number of cycles) column in the instructions. 


Table 4.2.6 Compensation Values for Number of Cycles Used to Calculate Number of Program Fetch Cycles 


Instruction Byte boundary | Word boundary 
Internal memory - +2 
External data bus (16 bits) - +3 


External data bus (8 bits) 


+3 


Note1: When the external data bus is used, it is necessary to add in the number of weighted cycles used for 


ready input and automatic ready. 


Note2: Because instruction execution is not slowed down by all program fetches in actuality, these 
compensation values should be used for "worst case" calculations. 
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4.2.1 F*MC-16L Instruction Set (340 Instructions) 


Table 4.2.7 ransfer Instructions (Byte) (41 Instructions) 


4.2 Instruction Set 


Table 0.0a Move Instructions (Byte) 41 Instructions 
Mnemonic # ee RG B Operation LH AH N Z}/|Vic RMW 
MOV A, dir 2 3 0 (b) byte (A) < (dir) Z # * x gee Hh es = 
MOV A, addr16 3 4 0 (b) byte (A) <— (addr16) Z * * * -|- = 
MOV A, Bi 1 2 1 0 byte (A) < (Ri) Z # * x a ee = 
MOV A, ear 2 2 1 0 byte (A) < (ear) Z * * * - - os 
MOV A, eam 2+ 3+(a) 0 (b) byte (A) < (eam) Z * * * = a = 
MOV A, io 2 3 0 (b) byte (A) < (io) Z i * * || ee = 
MOV A, #imm8s 2 2 0 0 byte (A) — imm8 Z * * * =-|- - 
MOV A, @A 2 3 0 (b) byte (A) < ((A)) Z - * ae i = 
MOV A, @RLi+disp8 3 10 2 (b) byte (A) < ((RLi)+disp8) Z * * * -|- = 
MOVN _ A, #imm4 1 4 0 0 byte (A) — imm4 Z * R | # -|- - 
MOVX A, dir 2 3 0 (b) byte (A) < (dir) Xx te * x =| 2 = 
MOVX A, addr16 3 4 0 (b) byte (A) < (addr16) X * * x | = 
MOVX A, Bi 2 2 1 0 byte (A) < (Ri) XxX a * x a = 
MOVX A, ear 2 2 1 0 byte (A) < (ear) x * * * - - - 
MOVX A, eam 2+ 3+(a) 0 (b) byte (A) < (eam) xX * * * = = = 
MOVX A, io 2 3 0 (b) byte (A) < (io) X i * x 3? |e 7 
MOVX A, #imm8s 2 2 0 0 byte (A) — imm8 X * * * - |= - 
MOVX A, @A 2 3 0 (b) byte (A) < ((A)) xX - « * se) es = 
MOVX A, @RWi+disp8 2 5 1 (b) byte (A) <— ((RWi)+disp8) X * * * -|- - 
MOVX A, @RLi+disp8 3 10 2 (b) byte (A) < ((RLi)+disp8) X * * * -|- = 
MOV dir, A 2 3 0 (b) byte (dir) < (A) - * x ae = 
MOV addr16, A 3 4 0 (b) byte (addr16) < (A) - = * * => |< = 
MOV Ri, A 1 2 1 0 byte (Ri) < (A) - -_ * x | ie = 
MOV ear, A 2 2 1 0 byte (ear) < (A) = = * * = = = 
MOV eam, A 2+ 3+(a) 0 (b) byte (eam) < (A) - - * * = = = 
MOV io, A 2 3 0 (b) byte (io) < (A) - - * x Be) = 
MOV @RLi+disp8, A 3 10 2 (b) byte ((RLi)+disp8) < (A) - _ * * Leg || A = 
MOV Ri, ear 2 3 2 0 byte (Ri) < (ear) - - * * = = = 
MOV Ri, eam 2+ 4+(a) 1 (b) byte (Ri) < (eam) - - * * ess uo = 
MOV ear, Ri 2 4 2 0 byte (ear) < (Ri) = = * * = = = 
MOV eam, Ri 2+ 5+(a) 1 (b) byte (eam) < (Ri) - - * * ie = = 
MOV Ri, #imm8 2 2 1 0 byte (Ri) < imm8 = = * * zs = ms 
MOV io, #imm8 3 5 0 (b) byte (io) < imm8 - - = - - = = 
MOV dir, #imm8s 3 5 0 (b) byte (dir) — imm8 = = -|-J;-]- - 
MOV ear, #imm8 3 2 1 0 byte (ear) — imm8 - - * * 54 2 = 
MOV eam, #imm8s 3+ 4+(a) 0 (b) byte (eam) <— imm8 = eae = = = = = 
MOV @AL, AH / 2 3 0 (b) byte ((A)) < (AH) - = * x a ee = 
MOV@A, T 
XCH A, ear 2 4 2 0 byte (A) © (ear) Z - - - - 
XCH A, eam 2+ 7+(a) 0 2x(b) byte (A) < (eam) Z = = = = = = 
XCH Ri, ear 2 4 4 0 byte (Ri) < (ear) - - = - - = = 
XCH Ri. eam 2+ 9+(a) 2 2x(b) byte (Ri) <> (eam) - - -|/=-|=-]/- = 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.8 Transfer Instructions (Word/Long-Word) (38 Instructions) 


Mnemonic # se RG B Operation LH | AH N | Z RMW 
MOVW _ A, dir 2 3 0 (c) word (A) < (dir) - * * * = 
MOVW _ A, addr16 3 4 0 (c) word (A) < (addr16) - * * * - 
MOVW_ A,SP 1 1 0 0 word (A) < (SP) - * * * = 
MOVW _ A, RWi 1 2 1 0 word (A) < (RWi) - * * a = 
MOVW A, ear 2 2 1 0 word (A) < (ear) - * * * - 
MOVW A, eam 2+ 3+(a) 0 (c) word (A) < (eam) - * * * - 
MOVW A, io 2 3 0 (c) word (A) < (io) - * * * = 
MOVW A, @A 2 3 0 (c) word (A) < ((A)) - - * * of 
MOVW _ A, @imm16 3 2 0 0 word (A) — imm16 - * * * - 
MOVW _ A, @RWi+disp8 2 5 1 (c) word (A) < ((RWi)+disp8) - * * * = 
MOVW _ A, @RLi+dips8 3 10 2 (c) word (A) < ((RLi)+disp8) - * * * - 
MOVW_ dir,A 2 3 0 (c) word (dir) < (A) - =- * * = 
MOVW _ addri6,A 3 4 0 (c) word (addr16) < (A) - - * * A 
MOVW_ SP,A 1 1 0 0 word (SP) < (A) - - * * a 
MOVW RWi, A 1 2 1 0 word (RWi) < (A) - - * * a 
MOVW ear, A 2 2 1 0 word (ear) < (A) - - * * = 
MOVW eam, A 2+ 3+(a) 0 (c) word (eam) < (A) - - * * = 
MOVW _ io, A 2 3 0 (c) word (io) <— (A - =- * * = 
MOVW =@RWi-disp8, A 2 5 1 (c) word ((RWi)+disp8)) < (A) - - * * i 
MOVW @RLi+disp8, A 3 10 2 (c) word ((RLi)+disp8) < (A) - - * * = 
MOVW _ RWi, ear 2 3 2 0 word (RWi) < (ear) - - * * - 
MOVW RWi, eam 2+ 4+(a) 1 (c) word (RWi < (eam) - - * * = 
MOVW _ ear, RWi 2 4 2 0 word (ear) — (RWi) - - * * = 
MOVW eam, RWi 2+ 5+(a) 1 (c) word (eam) < (RWi) = = * * = 
MOVW RWi, #imm16 3 2 1 0 word (RWi) — imm16 - - * * pes 
MOVW io, #imm16 4 5 0 (c) word (io) — imm16 - - - - - 
MOVW _ ear, #imm16 4 Z 1 0 word (ear) — imm16 - - * * ms 
MOVW eam, #imm16 4+ 4+(a) 0 (c) word (eam) <— imm16 = = = = - 
MOVW @AL,AH / 2 3 0 (c) word ((A)) <— (AH) - - * * a 
MOVW@A, T 

XCHW A,ear 2 4 2 0 word (A) < (ear) - - - 
XCHW A, eam 2+ 5+(a) 0 2x(c word (A) < (eam) - - - - - 
XCHW RWi, ear 2 7 4 0 word (RWi) © (ear) - - - - - 
XCHW RWi, eam 2+ 9+(a) 2 2x(c word (RWi) © (eam) - - - - 

MOVL A, ear 2 4 2 0 long (A) < (ear) - - * * = 
MOVL A, eam 2+ 5+(a 0 (d) long (A) < (eam) - - * * es 
MOVL A, #imm32 5 3 0 0 long (A) < imm32 - - * * = 
MOVL ear, A 2 3 2 0 long (ear) < (A) - - * * & 
MOVL eam, A 2+ 5+(a 0 (d) long (eam) < (A) - - - - = * * 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.9 Addition and Subtraction Instructions (Byte/Word/Long-Word) (42 Instructions) 
Table 0.0b Addition and Subtraction Instructions (Byte, Word, Long Word) 42 Instructions 


Mnemonic # s RG B Operation LH AH I Ss T | N Z}|Vic RMV 
ADD A, #imm8 2 2 0 0 byte (A) < (A) + imm8 Z - -|-|=-|* * * * 
ADD A dir 2 5 0 (b) byte (A) < (A) + (dir) Z - -|-|=-|-* * * * 
ADD A ,ear 2 3 1 0 byte (A) < (A) + (ear) Z = = = = * * * * 
ADD A, eam 2+ 4+(a) 0 (b) byte (A) < (A) + (eam) Z - -|=—-|=—| * * * * 
ADD ear, A 2 3 2 0 byte (ear) < (ear) + (A) - - - - - * * * * 
ADD eam, A 2+ 5+(a) 0 2x(b) byte (eam) < (eam) + (A) Z - - - - * * * * 
ADDC A 1 2 0 0 byte (A) < (AH) + (AL) + (c) Z - -|-|=—|* * * * 
ADDC A ,ear 2 3 1 0 byte (A) < (A) + (ear) + (c) Z - - - - * * * * 
ADDC A,eam 2+ 4+(a) 0 (b) byte (A) < (A) + (eam) + (c) Z = = = = * * * * 
ADDDC A 1 3 0 0 byte (A) < (AH) + (AL) + (c) Z - -|=-|-]|* * * * 
SUB A, #imm8 2 2 0 0 (decimal) Z - -|-|=— | * * * * 
SUB A, dir 2 5 0 (b) byte (A) < (A) - imm8& Z - -|-|-=— | * * * 
SUB A, ear 2 3 1 0 byte (A) < (A) - (dir) Z = -}|-|]-] * * * * 
SUB A, eam 2+ 4+(a) 0 (b) byte (A) < (A) - (ear) Z - -|-|=-|* * * * 
SUB ear, A 2 3 2 0 byte (A) < (A) - (eam) = - =-|-|-= * * * * 
SUB eam, A 2+ 5+(a) 0 2x(b) byte (ear) < (ear) - (A) - - - - - * * * * 
SUBC A 1 2 0 0 byte (eam) < (eam) - (A) Z = -|-|=-|* * * * 
SUBC A, ear 2 3 1 0 byte (A) < (AH) - (AL) - (c) Z - -}|-]-] * * * * 
SUBC A, eam 2+ 4+(a) 0 (b) byte (A) < (A) - (ear) - (c) Z - - - - * * * * 
SUBDC A 1 3 0 0 byte (A) < (A) - (eam) - (c) Z - -|/-|=-]|* * * * 
byte (A) < (AH) - (AL) - (c) 
(decimal) 
ADDW A 1 2 0 0 word (A) < (AH) + (AL) - - -}|-|]-] * * * * 
ADDW A, ear 2 3 1 0 word (A) < (A) + (ear) = - - - - * * * * 
ADDW A, eam 2+ 4+(a 0 (c) word (A) < (A) + (eam) - - - - - * * * * 
ADDW A, #imm16 3 2 0 0 word (A) < (A) + imm16 = = = = = * * * * 
ADDW ear, A 2 3 2 0 word (ear) < (ear) + (A) - - -|/- |= * * * * 
ADDW eam, A 2+ 5+(a 0 2x(C) word (eam) < (eam) + (A) = - -|/-=-|]-=- * * * * 
ADDCW A, ear 2 3 1 0 word (A) < (A) + (ear) + (Cc) = = ae = = * * * * 
ADDCW A, eam 2+ 4+(a 0 (c) word (A) < (A) + (eam) + (c) a - - a - * * * * 
SUBW A 1 2 0 0 word (A) < (AH) - (AL) - - -}|-]-] * * * * 
SUBW A. ear 2 2 1 0 word (A) < (A) - (ear) = = = = = * * * * 
SUBW A, eam 2+ 4+(a 0 (c) word (A) < (A) - (eam) = - - = = * * * * 
SUBW A, #imm16 3 2 0 0 word (A) < (A) - imm16 - - - - - * * * * 
SUBW ear, A 2 3 2 0 word (ear) < (ear) - (A) - _ -|—- |= * * * * 
SUBW eam, A 2+ 5+(a 0 2x(c) word (eam) < (eam) - (A) = - - = - * * * * 
SUBCW A, ear 2 3 1 0 word (A) < (A) - (ear) - (c) - - -}|-]-] * * * * 
SUBCW A, eam 2+ 4+(a 0 (c) word (A) < (A) - (eam) - (c) = = = = = * * * * 
ADDL A, ear 2 6 2 0 long (A) < (A) + (ear) = = = = = * * * * 
ADDL A, eam 2+ 7+(a 0 (d) long (A) < (A) + (eam) = = = = = * * * * 
ADDL A, #imm32 5 4 0 0 long (A) < (A) + imm32 a - - a - * * * * 
SUBL A, ear 2 6 2 0 long (A) < (A) - (ear) = = = = = * * * * 
SUBL A, eam 2+ 7+(a 0 (d) long (A) < (A) - (eam) = = = = = * * * * 
SUBL A, #imm32 5 4 0 0 long (A) < (A) - imm32 = - - = - * * * * 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.10 Increment and Decrement Instructions (Byte/Word/Long-Word) (12 


Instructions) 

Mnemonic # ~ RG B Operation LH AH I Ss T N Z Vic RMW 
INC ear 2 3 2 0 byte (ear) < (ear) +1 * * * - 
INC eam 2+ 5+(a 0 2x(b) byte (ear) < (eam) + 1 - - - - - * * * ~ * 
DEC ear 2 3 2 0 byte (ear) < (ear) - 1 * * * - 
DEC eam 2+ 5+(a 0 2x(b) byte (ear) < (eam) - 1 * * %* * 
INCW ear 2 3 2 0 word (ear) < (ear) + 1 * * * = 
INCW eam 2+ 5+(a) 0 2x(Cc) word (ear) < (eam) + 1 _ - -|/-|- * * * - * 
DECW ear 2 3 2 0 word(ear) < (ear) - 1 * * * - 
DECW eam 2+ 5+(a 0 2x(c) word(ear) < (eam) -1 * * * * 
INCL ear 2 7 4 0 long (ear) < (ear) +1 * * * = 
INCL eam 2+ 9+(a 0 2x(d) long (ear) < (eam) + 1 * * * * 
DECL ear 2 7 4 0 long (ear) < (ear) - 1 * * * = 
DECL eam 2+ 9+(a 0 2x(d) long (ear) < (eam) - 1 * * * = * 

Table 4.2.11 Compare Instructions (Byte/Word/Long-Word) (11 Instructions) 

Mnemonic # x RG B Operation LH AH I iS) T | N Z}|Vic RMW 
CMP A 1 1 0 0 byte (AH) - (AL) - - -}|-]-] * * * * - 
CMP. A ,ear 2 2 1 0 byte (A) - (ear) - - - - - * * * * - 
CMP A,eam 2+ 3+(a 0 (b byte (A) - (eam) - - -}|-|]-] * * * * - 
CMP A, #imm8 2 2 0 0 byte (A) - imm8 - - -}|-]-] * * * * - 
CMPW A 1 1 0 0 word (AH) - (AL) - - -}|-|]-] * * * * - 
CMPW _ A, ear 2 2 1 0 word (A) - (ear) - - -/|-|]-] * * * * - 
CMPW A,eam 2+ 3+(a 0 (c word (A) - (eam) - - -|— |= * * * * - 
CMPW _ A, #im16 3 2 0 0 word (A) - imm16 - - -/|-|]-] * * * * - 
CMPL A, ear 2 6 2 0 long (A) - (ear) - - - a - * * * * - 
CMPL A, eam 2+ 7+(a 0 (d long (A) - (eam) - = -|-|- * * * * - 
CMPL A, #imm32 o 3 0 0 long (A) - imm32 = = = = = * * * * - 

Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.12 Unsigned Multiplication and Division Instructions (Word/Long-Word) (11 Instructions) 


Mnemonic # ~ | RG] B Operation tH | AH | 1] S]TIN][zlvifcY RMw 
DIVU A 1 4 0 0 | word (AH) + byte (AL) Se) Se Se ee 7 
byte (AL) < quotient byte (AH) < remainder 
DIVU A ,ear 2 *2 1 0 word (A) + byte (ear) - - -|- - - - * * - 
byte (A) < quotient byte (ear) < remainder 
DIVU A,eam 2+ *3 0 *6 word (A) + byte (eam) - - -|- - - - * * - 
byte (A) < quotient byte (eam) < remainder 
DIVUW A, ear 2 *4 1 0 long + word (ear) a - Sq) - - oe * * - 
word (A) < quotient word (ear) < remainder 
DIVUW A, eam 2+ “5 0 tg long + word (eam) = - -—|=—-/;-]—]- * * - 
word (A) < quotient word (eam) < remainder 
MUL A 1 *8 0 0 word (A) < byte (AH) x byte (AL - - -|- - - - - - - 
MUL A, ear 2 *9 1 0 word (A) < byte (A) x byte (ear) - - -|- - - - - - - 
MUL A, eam 2+ 10 0 (b) word (A) < byte (A) x byte (eam 
MULUW A 1 | 11] 0 0 | long (A) < word (AH) x word (AL) S|] S26) eee pee eS = 
MULUW A, ear 2 12 1 0 long (A) < word (A) x word (ear) - - ye - - a - - - 
MULUW A, eam 2+ 13 0 (c) long (A) < word (A) x word (earm) = = = = = = = = = = 
*1: 3 when dividing into zero, 7 when an overflow occurs, and 15 normally. 
*2: 4 when dividing into zero, 8 when an overflow occurs, and 16 normally. 
*3: 6 + (a) when dividing into zero, 9 + (a) when an overflow occurs, and 19 + (a) normally. 
*4: 4 when dividing into zero, 7 when an overflow occurs, and 22 normally. 
*5: 6 + (a) when dividing into zero, 8 + (a) when an overflow occurs, and 26 + (a) normally. 
*6:  (b) when dividing into zero or when an overflow occurs, and 2 x (b) normally. 
*7:  (c) when dividing into zero or when an overflow occurs, and 2 x (c) normally. 
*8: 3 when byte (AH) is zero, and 7 when byte (AH) is not 0. 
*9: 4 when byte (ear) is zero, and 8 when byte (ear) is not 0. 
*10: 5+ (a) when byte (eam) is zero, and 9 + (a) when byte (eam) is not 0. 
*11: 3 when word (AH) is zero, and 11 when word (AH) is not 0. 
*12: 4 when word (ear) is zero, and 12 when word (ear) is not 0. 
*13: 5 +(a) when word (eam) is zero, and 13 + (a) when word (eam) is not 0. 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.13 Logical 1 Instructions (Byte/Word) (39 Instructions) 


Mnemonic # ~ RG B Operation LH AH I S|; T]|N] ZIV 
AND A, #imm8 2 2 0 0 byte (A) < (A) and imm8 - - = = - * * R 
AND A ,ear 2 3 1 0 byte (A) < (A) and (ear) - - - - - * * R 
AND A ,eam 2+ 4+(a 0 (b) byte (A) < (A) and (eam) - - = = eS * * R 
AND ear, A 2 3 2 0 byte (ear) < (ear) and (A) - - -|/=- |= * * R 
AND eam, A 2+ 5+(a 0 2x(b) byte (eam) < (eam) and (A) - - - - = * * R 
OR A, #imm8 2 2 0 0 byte (A) < (A) or imm8 - - -|/—-|]-= * * R 
OR A, ear 2 3 1 0 byte (A) < (A) or (ear) - - =-|/-|- * * R 
OR A, eam 2+ 4+(a 0 (b) byte (A) < (A) or (eam) = = - - = * * R 
OR ear, A 2 3 2 0 byte (ear) < (ear) or (A) - - -|/-— |= * * R 
OR eam, A 2+ 5+(a) 0 2x(b) byte (eam) < (eam) or (A) - - = |= ]- * * R 
XOR A, #imm8s 2 2 0 0 byte (A) < (A) xor imm8 - - -|-]|-]#* | « | R 
XOR A, ear 2 3 1 0 byte (A) < (A) xor (ear) - = - - - * * R 
XOR A, eam 2+ 4+(a 0 (b) byte (A) < (A) xor (eam) - - = = = * * R 
XOR ear, A 2 3 2 0 byte (ear) < (ear) xor (A) - - -|/- |= * * R 
XOR eam, A 2+ 5+(a 0 2x(b) byte (eam) < (eam) xor (A) - - - - = * * R 
NOT A 1 2 0 0 byte (A) < not (A) - - Sd ee bas [oe *« | R 
NOT ear 2 3 2 0 byte (ear) < not (ear) - - -|/=—+]-= * * R 
NOT eam 2+ 5+(a) 0 2x(b) byte (eam) < not (eam) - - -|/-|- * * R 
ANDW A 1 2 0 0 word (A) < (AH) and (A) - - ae * * R 
ANDW A, #imm16 3 2 0 0 word (A) < (A) and imm16 - - -/|-|]- # * R 
ANDW A, ear 2 3 1 0 word (A) < (A) and (ear) - - - = S * * R 
ANDW A, eam 2+ 4+(a 0 (c) word (A) < (A) and (eam) - a - - - * * R 
ANDW ear, A 2 3 2 0 word (ear) < (ear) and (A) - - - - - * * R 
ANDW eam, A 2+ 54+(a 0 2x(c) word (eam) < (eam) and (A) - ~ - - = * * R 
ORW A 1 2 0 0 word (A) < (AH) or (A) - - 4) |e bok * * R 
ORW A, #imm16 3 2 0 0 word (A) < (A) or imm16 - - - - - * * R 
ORW A, ear 2 3 1 0 word (A) < (A) or (ear) - - - - a * * R 
ORW A, eam 2+ 4+(a) 0 (c) word (A) < (A) or (eam) - - - - - * * R 
ORW ear, A 2 3 2 0 word (ear) < (ear) or (A) = = - - = x * R 
ORW eam, A 2+ 5+(a) 0 2x(c) word (eam) < (eam) or (A) - - -]|-|]- | * « | R 
XORW A 1 2 0 0 word (A) <— (AH) xor (A) - = lie |e * * R 
XORW A, #imm16 3 2 0 0 word (A) < (A) xor imm16 - - - - - * * R 
XORW A, ear 2 3 1 0 word (A) < (A) xor (ear) - - - - - * * R 
XORW A, eam 2+ 4+(a) 0 (c) word (A) < (A) xor (eam) = ~ - - = * * R 
XORW ear, A 2 3 2 0 word (ear) < (ear) xor (A) - - - - - * * R 
XORW eam, A 2+ 5+(a) 0 2x(c) word (eam) < (eam) xor (A) - - ae eee « |R 
NOTW A 1 2 0 0 word (A) < not (A) - - ee || nea | ee * * R 
NOTW ear 2 2 2 0 word (ear) < not (ear) - - = - es * * R 
NOTW eam 2+ 5+(a) 0 2x(c) word (eam) < not (eam) - - = = = * * R 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.14 Logical 2 Instructions (Long-Word) (6 Instructions) 


Mnemonic # ce RG B Operation LH | AH | S|/T/]N]|Z]V RMW 
ANDL A,ear 2 6 2 0 long (A) < (A) and (ear) * | R 
ANDL A,eam 2+ 7+(a) 0 (d) long (A) < (A) and (eam) * * R 
ORL A, ear 2 6 2 0 long (A) < (A) or (ear) i * R 
ORL A, eam 2+ 7+(a) 0 (d) long (A) < (A) or (eam) * « | R 
XORL A, ear 2 6 2 0 long (A) < (A) xor (ear) - - R 
XORL A, eam 2+ 7+(a) 0 (d) long (A) < (A) xor (eam) * * | R 

Table 4.2.15 Sign Inversion Instructions (Byte/Word) (6 Instructions) 

Mnemonic # “ RG B Operation LH | AH | S|T|N]ZIV RMW 
NEG A 1 2 0 0 byte (A) < 0 - (A) X - Spf Ps] ce * * - 
NEG ear 2 2 2 0 byte (ear) < 0 - (ear) - - - - - * * * * 
NEG eam 2+ 5+(a) 0 2x(b) byte eam) < 0 - (eam) x x x * 
NEGW A 1 2 0 0 word (A) < 0 - (A) = = -|-]-] #* * * - 
NEGW ear 2 2 2 0 word (ear) < 0 - (ear) * * * * 
NEGW eam 2+ 5+(a) 0 2x(C) word (eam) < 0 - (eam) * * * * 

Table 4.2.16 Normalize Instruction (Long-Word) (1 Instruction) 
Mnemonic # ~ RG B Operation LH | AH | S|T/]N]| ZIV RMW 
long (A) <Shift until first digit 
NRML A, RO 2 il 0 is "1" - - Be] ee Jee Se ae ms 
byte (RO) < Current shift count 


*1: 


4 when the contents of the accumulator are all zeroes, 6 + (RO) in all other cases. 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.17 Shift Instructions (Byte/Word/Long-Word) (18 Instructions) 


Mnemonic # bed RG B Operation LH AH I S| T N]|Z]|V]ic RMW 

RORC A 2 2 0 0 byte (A) < Right rotation with - - -}|-f- * * - * - 
carry 

RORC A 2 2 0 0 byte (A) < Left rotation with - - - - - * * - * - 
carry 

RORC ear 2 3 2 0 byte (ear) <-Right rotation with - - - - - * * - - - 
carry 

RORC eam 2+ 5+(a) 0 2x(b) byte (eam) < Right rotation - - - - - * * - * * 
with carry 

ROLC ear 2 3 2 0 byte (ear) < Left rotation with - - - - - * * - - - 
carry 

ROLCG eam 2+ 5+(a) 0 2x(b) byte (eam) <Left rotation with - - - - - * * - * %* 
carry 

ASR A, RO 2 ia 1 0 byte (A) < Arithmetic right - - -|- * * * - * - 
barrel shift (A, RO) 

LSR A, RO 2 “4 1 0 byte (A) < Logical right barrel = = = = * * * = * = 
shift (A, RO) 

LSL A, RO 2 “| 1 0 byte (A) < Logical left barrel - = -|=—-|-= * * - * - 
shift (A, RO) 

ASRW A 1 2 0 0 word (A) < Arithmetic right - = - |= * R |} * - * -0 
shift (A, 1-bit) 

LSRW A/SHRW 1 2 0 0 word (A) <Logical right shift - - -}|-]- * * - * - 
(A, 1-bit) 

LSLW A/SHLW A 1 2 0 0 word (A) < Logical left shift (A, - - -|- * * * - * - 
1-bit) 

ASRW A, RO 2 a 1 0 word (A) < Arithmetic right - = -|- * * * - * - 
barrel shift (A, RO) 

LSRW A, RO 2 bi 1 0 word (A) < Logical right barrel = = = = * * * = * = 
shift (A, RO 

LSLW A, RO 2 = 1 0 word (A) <Logical left barrel - - - - - * * - * - 
shift (A, RO 

ASRL A, RO 2 *2 1 0 long (A) < Arithmetic right - - - - * * * - * - 

LSRL A, RO 2 *2 1 0 barrel shift (A, RO) - - -|- * * * - * - 

LSLL A, RO 2 "2 1 0 long (A) «Logical right barrel - - - - - * * - * - 
shift (A, RO 
long (A) <Logical left barrel 
shift (A, RO 


*1: 6 when RO is 0, 5 + (RO) in all other cases. 
*2: 6 when RO is 0, 6 + (RO) in all other cases. 
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.18 Branch 1 Instructions (31 Instructions) 


4.2 Instruction Set 


Mnemonic # < RG B Operation LH AH N}| Z}] V} Cc] RMW 
BZ / BEQ rel 2 a | 0 0 Branch if (Z) = 1 - - -|-]- - - 
BNZ / BNE re 2 #4 0 0 Branch if (Z) =0 - - -|-]-|- - 
BC / BLO re 2 5a | 0 0 Branch if (c) = 1 al as -;|-]-] - - 
BNC / BHS re 2 | 0 0 Branch if (c) = 0 - - =|) eS - 
BN rel 2 | 0 0 Branch if (N) = 1 = = -|-]-]- - 
BP re 2 4 0 0 Branch if (N) = 0 - - -/|-]-|- - 
BV rel 2 | 0 0 Branch if (V) = = - -|-|]-]- - 
BNV rel 2 | 0 0 Branch if (V) =0 - = SN eat - 
BT rel 2 a | 0 0 Branch if (T) = = - -|-]-]- - 
BNT rel 2 4 0 0 Branch if (T) = - a -|-]-]- - 
BLT rel 2 | 0 0 Branch if (V) xor (N) = 1 = = -|-|]-]- - 
BGE rel 2 | 0 0 Branch if (V) xor (N) = 0 - - -|-]-]- - 
BLE rel 2 a | 0 0 Branch if ((V) xor (N)) or (Z) = 1 = - -|-|]-] - - 
BGT rel 2 | 0 0 Branch if ((V) xor (N)) or (Z) = 0 - = Se ee ce] - 
BLS rel 2 Bi | 0 0 Branch if (c) or (Z) = - ms 01] geet sea) - 
BHI re 2 a | 0 0 Branch if (c) or (Z) = 0 - - cet Peco leer a - 
BRA re 2 | 0 0 Branch unconditionally = = CS = 
JMP @A 1 2 0 0 word (PC) < (A) - - -|-];-|- - 
JMP. addr16 3 3 0 0 word (PC) < addr16 - - -|-|]-]- - 
JMP. @ear 2 2 1 0 word (PC) < (ear) - - -|-|]-]- - 
JMP @eam 2+ 4+(a) 0 (c) word (PC) < (eam) - - -/;|-]-] - - 
JMPP @ear Note1 2 3 2 0 word (PC) < (ear), (PCB) < (ear+2) - - -|-|]-]- - 
JMPP @eam Note1 2+ 6+(a) 0 (d) word (PC) < (eam), (PCB) < (eam+2) - - -|-]-]- - 
JMPP addr24 4 4 0 0 word (PC) <— ad24 0-15, (PCB) < ad24 16-23 - - -/|-]-|- - 
CALL @ear Note3 2 5 1 (c) word (PC) < (ear) - - -|-|]-]- - 
CALL @eam Note3 2+ 7+(a) 0 2x(c) word (PC) < (eam) - - -|-|]-]- - 
CALL addr16 Note4 3 6 0 (c) word (PC) < addr16 - - -|-|]-]- - 
CALLV #vct4 Note4 1 th 0 2x(c) Vector call instruction - - -|-|]-]- - 
CALLP @ear Note5 2 8 2 2x(c) word (PC) < (ear) 0-15, (PCB) < (ear)16-23 - - -|-]-]- - 
CALLP @eam Note5 2+ 11+(a) 0 "2 word (PC) < (ear) 0-15, (PCB) < (ear)16-23 - - -|-]-]- - 
CALLP addr24 Note6 4 10 0 2x(c) word (PC) < addr0-15, (PCB) < addr16-23 - - -/;|-]-] - - 
*1: 4 when branching, 3 when not branching. 
*2: 3x (c)+(b) 


Note1: Read (word) branch address. 
Note2: W: Save (word) into stack; R: read (word) branch address. 


Note3: Save (word) into stack. 


Note4: W: Save (long-word) into W stack; R: read (long-word) R branch address. 


Note5: Save (long-word) into stack. 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.19 Branch 2 Instructions (19 Instructions) 


Mnemonic # ~ RG B Operation LH AH | S/|T]I|N/]Z]VIc RMW 
CBNE A, #imm8, rel 3 a | 0 0 Branch if byte (A) + imm8 - - -|- 7 7 % ‘i * - 
CWBNE A, #imm16, rel 4 | 0 0 Branch if word (A) # imm16 = = aan ie: i - * * hd - 
CBNE ear, #immé8, rel 4 *2 1 0 Branch if byte (ear) # imm8 - - a Lea i g z sd * - 
CBNE eam, #immé8, rel 4+ *3 0 (b) Branch if byte (eam) + imm8& = = = = m * ® * " = 
CWBNE ear, #imm16, rel 5 *4 1 0 Branch if word (ear) #imm16 - a -|- m i s ii e - 
CWBNE eam, #imm16, rel 5+ *3 0 (c) Branch if word (eam) # imm16 - - ae 7 i % 7 * - 
DBNZ ear, rel 3 “5 2 0 Branch if byte (ear) = (ear)-1, (ear) #0 - - See | OR ee) A os = 
DBNZ eam, rel 3+ *6 2 2x(b) Branch if byte (eam) = (eam)-1, (eam) #0 - - -|- i 7 * z - 3 
DWBNZ ear, rel 3 *5 0 0 Branch if word (ear) = (ear)-1, (ear) #0 - - -|- s i " i - - 
DWBNZ eam, rel 3+ *6 0 2x/(c) | Branch if word (eam) = (eam)-1, (eam) +0 - - - : bs i - ‘3 
INT #vct8 2 20 0 8x(c) Software interrupt - - R}S}-]-]-]-]- - 
INT addr16 3 16 0 6x(c) Software interrupt - - R}S/}-]-]-]-]- - 
INTP addr24 4 17 0 6x(c) Software interrupt - - R/}S}-]-]-]-]- - 
INT9 1 20 0 8x(c) Software interrupt - - R}S}-]-]-]-]- - 
RETI A 15 0 6x(c) Return from interrupt processing - - Hi * * * is i * - 
LINK #imm8 2 6 0 (c) At function entry, saves the old frame pointer - - -;/-J;]-]}-y]-]-]- - 
to the stack, sets the new frame pointer, and 
reserves the local pointer area. 
(c) At function exit, restores the old frame pointer 
UNLINK 1 5 0 from the stack. - 7 SS Se fe [ee [oe - 
RET Note1 1 4 0 (c) Return from subroutine - - -/-J;-]}-y]-]-]- - 
RETP. Note2 1 6 0 (d) Return from subroutine - - -;/-J;]-]-y]-]-]- - 
*1: | 5 when branching, 4 when not branching 
*2: 13 when branching, 12 when not branching 
*3: 7 + (a) when branching, 6 + (a) when not branching 
*4: 8 when branching, 7 when not branching 
*5: 7 when branching, 6 when not branching 
*6: 8 + (a) when branching, 7 + (a) when not branching 
Note1: Return from stack (word) 
Note2: Return from stack (long) 
Note3: Do not use the RWj+ addressing mode for the CBNE or CWBNE instructions. 
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.20 Other Control Instructions (Byte/Word/Long-Word) (28 Instructions) 


Mnemonic # ~ RG B Operation LH AH Vv} Cc} RMW 
PUSHW A 4 0 (c) word (SP) < (SP) - 2, ((SP)) < (A) - oe il as - 
PUSHW AH 4 0 (c) word (SP) < (SP) - 2, ((SP)) <— (AH) - - -|- - 
PUSHW PS 4 0 (c) word (SP) < (SP) - 2, ((SP)) <— (PS) - re ei) == = 
PUSHW rist 2 *3 +& *4 (SP) < (SP) - 2n, ((SP)) < (rlst) - - -|- - 
POPW A 3 0 (c) word (A) < ((SP)) , (SP) < (SP) +2 - t - 
POPW AH 3 0 (c) word (AH) < ((SP)) , (SP) <— (SP) + 2 - - -|- - 
POPW PS 4 0 (c) word (PS) < ((SP)) , (SP) (SP) + 2 - - f * - 
POPW rst 2 *2 +& *4 (rlst) — ((SP)) , (SP) < (SP) - - -|- - 
JCTX @A 14 0 6x(c) Context switch (process switch) instruction - - * * - 
AND CCR, #imm8& 2 3 0 0 byte (CCR) < (CCR) and imm8 - - * : - 
OR CCR, #imm8& 2 3 0 0 byte (CCR) < (CCR) or imm8 - - * * - 
MOV RP, #imm8& 2 2 0 0 byte (RP) <— imm8 - - -|- - 
MOV ILM, #imm8 2 2 0 byte (ILM) — imm8 = = cal | Ga = 
MOVEA RWi, ear 2 3 1 0 word (RWi) < ear = i -|- = 
MOVEA RWi, eam 2+ 2+(a) 1 0 word (RWi) < eam = = tt [Pes = 
MOVEA A, ear 2 1 0 0 word (A) < ear - * -|- - 
MOVEA A, eam 2+ 1+(a) 0 0 word (A) — eam - 7 =| - 
ADDSP #imm8 2 3 0 0 word (SP) < (SP)+ext(imms) - - -|- - 
ADDSP #imm16 3 3 0 0 word (SP) <— (SP)+imm16 - - -|- - 
MOV A, brg1 2 4 0 0 byte (A) < (brg1) : -|- - 
MOV brg2, A 2 1 0 0 byte (brg2) < (A) - -|- - 
NOP 1 1 0 0 No operation = = Be] = a 
ADB 1 1 0 0 Prefix code for auxiliary AD access - - -|- - 
DTB 1 1 0 0 Prefix code for data DT access = = S| = = 
PCB 1 1 0 0 Prefix code for program PC access - - -|- - 
SPB 4 1 0 0 Prefix code for stack SP access - - al leon 7 
NCC 1 1 0 0 Prefix code for no flag change - - -|- - 
CMR 1 1 0 0 Prefix for common register bank - - -|- - 


*1: PCB, ADB, SSB, USB, and SPB: .....1 cycle 
DIB DPRt sins nonsniciaintnangs 2 cycles 


*2: 7+ 3*(number of POP operations) + 2*(register number of last register POPed) or 7 when RLST 


= 0 (no move register) 


*3: 29 + 3*(number of PUSH operations) - 3*(register number of last register PUSHed) or 8 when 


RLST = 0 (no move register) 
*4: (number of POP operations) * (c) or (number of PUSH operations) * (c) 
Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.21 Bit Manipulation Instructions (21 Instructions) 


Mnemonic # eg RG B Operation LH AH I S| T N]|Z]|VyJc RMW 
MOVB A ,dir: bp 3 5 0 (b) byte (A) < (dir:bp)b Z * -}|-f- * * -|- - 
MOVB A ,addr16: bp 4 5 0 (b) byte (A) < (addr16:bp)b Z * -}|-]- * * -|- - 
MOVB A, io: bp 3 4 0 (b) byte (A) < (io:bp)b Z * -}|-]- * * -|- - 
MOVB dir: bp, A 3 7 0 2x(b bit (dir:bp)b <— (A) - - -|/-|]- * * -|- * 
MOVB addr16: bp, A 4 7 0 2x(b bit (addr16:bp)b < (A) - - - - - * * - - * 
MOVB io: bp, A 3 6 0 2x(b bit (io:bp)b < (A) - - -}|-f- * * -|- * 
SETB dir: bp 3 7 0 2x(b bit (dir:bp)b < 1 - - -};-};-f},-},-},-] - * 
SETB addr16: bp 4 7 0 2x(b bit (addr16:bp)b < 1 - - -};-}]-f]-}]-},-] - * 
SETB io: bp 3 7 0 2x(b bit (io:bp)b <— 1 - - -;/-}]-];,-];-]-]- * 
CLRB dir: bp 3 7 0 2x(b bit (dir:bp)b <— 0 - - -};-}]-f},-}]-},-] - * 
CLRB addr16: bp 4 7 0 2x(b bit (addr16:bp)b — 0 - - -f};-}]-f,-},-},-] - * 
CLRB io: bp 3 7 0 2x(b bit (io:bp)b < 0 - - - - - - - - - * 
BBC dir: bp, rel 4 a 0 (b) Branch if (dir:bp)b = 0 = = = = = = = * = = 
BBC addr16: bp, rel 5 a 0 (b) Branch if (addr16:bp)b = 0 - - - - - - - * - - 
BBC io: bp, rel 4 “2 0 (b) Branch if (io:bp)b = 0 - - - - - a - * - - 
BBS dir:bp, rel 4 si 0 (b) Branch if (dir:bp)b = 1 - - - - - - - * - - 
BBS addr16:bp, rel 5 | 0 (b) Branch if (addr16:bp)b = 1 - - - - - - - * - - 
BBS io:bp, rel 4 rd 0 (b) Branch if (io:bp)b = 1 = = = = = = = * - - 
SBBS addr16:bp, rel 5 *3 0 2x(b) Branch if (addr16:bp)b = 1, bit = 1 - - - - - - - * - * 
WBTS io:bp 3 *4 0 *5 Wait until (io:bp)b = 1 = - -};-}]-f},-]},-},-] - = 
WBTC io:bp 3 *4 0 *5 Wait until (io:bp)b = 0 - - -};-}]-f},-}]-},-] - - 
*1: 8 when branching, 7 when not branching 


*2: 7 when branching, 6 when not branching 

#3: 10 when condition is satisfied, 9 when not satisfied 
*4: Undefined count 

*5: Until condition is satisfied 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 
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Table 4.2.22 Accumulator Manipulation Instructions (Byte/Word) (6 Instructions) 


4.2 Instruction Set 


Mnemonic # a RG B Operation LH AH I Ss T N vic RMW 
SWAP 1 3 0 0 byte (A)0 -7< (A)8-15 - = - - - - - = a 
SWAP / XCHW A,T 1 2 0 0 word (AH) < (AL) = * = = = = = = = 
EXT 1 1 0 0 Byte sign extension X = -|- * * -|- - 
EXTW 1 2 0 0 Word sign extension - X -|- * * -|- - 
ZEXT 1 1 0 0 Byte zero extension Z - -|-|/R]| * -|- - 
ZEXTW 1 1 0 0 Word zero extention - Z -}|-] Ri] * |= - 

Table 4.2.23 String Instructions (10 Instructions) 

Mnemonic # ~ RG B Operation LH AH I S/T Z| Vic RMW 
MOVS / MOVSI 2 *2 +& *3 Byte move @AH+< @AL+, counter = RWO - - - - - - - - - 
MOVSD 2 *2 +& *3 Byte move @AH- < @AL-, counter = RWO - - - - - - - - - 
SCEQ / SCEQ1 2 ba | +& *4 Byte search (@AH+) ~ AL, counter = RWO - - -}|-]- bi * - 
SCEQD 2 a +& *4 Byte search (@AH-) ~ AL, counter = RWO - - -/|-|] - i i * - 
FILS / FILS1 2 6m+6 +& *3 Byte fill @AH+ < AL, counter = RWO = = oa cca Me ii S| = 
MOVSW / MOVSWI 2 *2 +) *6 Word move @AH+ < @AL+, counter = RWO - - -/|-|] - -|-|- - 
MOVSWD 2 *2 +) *6 Word move @AH- < @AL-, counter = RWO - - -/-|] - -|-|- - 
SCWEQ / SCWEQI 2 a +) ab Word search (@AH+) — AL, counter = RWO - - -/|-|] - * ‘ 3 - 
SCWEQD 2 a +) SE Word search (@AH-) — AL, counter = RWO - - -/|-|] - ? . * - 
FILSW / FILSWI 2 6m+6 +) *6 Word fill @AH+ < AL, counter = RWO = = o/s. = i a |} = 


aoa Be 
22: 
*3: 


*4: 
eS: 
*6: 


ee 
*8: 
m: 


Nn: 


Note: For an explanation of "(a)" to "(d)", see Table 4.2.3 and Table 4.2.4. 


5 when RWO is 0, 4 + 7 x (RWO) for count out, and 7n + 5 when match occurs 
5 when RWO is 0, 4 + 8 x (RWO) in any other case 


(b) x (RWO) + (b) x (RWO) When the source and destination access different areas, calculate the 
(b) value separately for each area. 


(b) xn 


2 x (RWO) 


(c) x (RWO) + (c) x (RWO) When the source and destination access different areas, calculate the 
(c) value separately for each area. 


(c)xn 


2 x (RWO) 
RWO value (counter value) 


Loop count 
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4.3 Instruction Map 


Because the F*MC-16L operation codes each consist of one or two bytes, the instruction map consists of 
numerous pages. The structure of the instruction map is shown below. 


Basic Page Map First byte 


Bit manipulation 
Instructions 


Character string 


manipulation instructions 


2-byte instructions 


"ea" instructions x 9 


Fig. 4.3.1 Structure of F7MC-16L Instruction Map 


Instructions that consist of only one byte (such as NOP) are concluded on the basic page. Regarding 
instructions that require two bytes (such as MOVS), the existence of the map for the second byte is 
indicated when the first byte is referenced, so it is clear that it is necessary to use the following byte to 
reference the map for the second byte. 
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Second byte 


4.3 Instruction Map 


The correspondence between the actual instruction code and the instruction map is shown below. 


May not exist for some instructions 


| Length differs according to the 


Instruction code First byte 


| | instruction 
—_— oO oF 
Second byte] operand operand eee 
UH 
[Basic Page Map] 
XY 
[--—~J 
+Z / 


ea eae 


\ 
Bs 
[Extension page map] Note 1 


UV 


+W 


as 


Note1: Extended page maps are provided for bit manipulation instructions, character string manipulation 
instructions, two-byte instructions, and "ea" instructions; multiple-extended-page maps exist for 
each type of instruction. 


Fig. 4.3.2 Correspondence between Actual Instructions and the Instruction Maps 
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91P+Od® V‘QIPtO iW ‘tZMY® | QIPtOd® = i+2@MyO@ ‘Vv 9LP+Od® | 9LPtOd® 1+7@MYO 
‘Y MHOX Y® MAOW: ‘Y MAOW: MOAd | MONI | 


OL# “ZMu+ VZMYt+hM ZMYtIMY® it1MY®‘v |ZMYt+LMY® , ZMY+hMY® 1+} Me® ZMut LM 
IMY® MAOW Y® MAOW ‘VY MAOW: MONI: © 7 


Ol# ‘ZMut OL OMH | V‘ZMY+OM |W tOMH® LMYtOMH® |+OMYO “V 
OMYOMAOCN, © MAOW|Y® MAOW,  MAOW | ‘VY MAON, 


9LP+emMYO QL# ‘OLP+ gIP+eMY® |EMYO ‘V OO; emu® 
‘Y MHOX eEMu® MAOW ‘Y MAOW | WO Tn 


QL# ‘OLP+ 9LP+2Mu® 'ZMyO ‘Vv 9LP+zMH® | ZMYO 
2Mey ©MAOW ‘VY MAON , MONI 


OL# ‘OLP+ ; 9LPt+IMY® ‘LMY® Vv }MY®: 
IMYOMAON ‘V MAOW , 1 


Qb# ‘QLP+ '9L# ‘OMY® 91P+OMY® OMYO ‘Vv 9LP+OMY® |OMY® 91P+OMYOO | OMUOO 
OMYOMAOW MAOW ‘Y MAON, = MAOW MONI, — MONI dr awe 


P+Z '91#‘ZMY P+ZMY® | LMU ‘VW P+LMU® P+LMUO® | LMU® 


MY® MAOW MAOW ‘VY MAOW MOAG dar dar 
p+9 P*9MY® | 9MY ‘V 


MY® MAOW ‘v MAOW | 
p+s P+*SMY® | SMH ‘V 
MY® MAOW ‘V MAOWN | 


Pty P+ P+~MY® = '~MY ‘VW P+~MYOO | ~MYO© 

MY® MAOWN Y® MAOW ‘VY MAOW dwr' dar 
Pte V ‘8P+EM 
MY®© MAOW Y® MAOW 
pte V ‘8P+ZM 
MY® MAOW Y¥® MAOW 
P+ 'OL#‘LMY V ‘8P+1LM 
MY® MAOW | MAOW |Y® MAOW 


PtOMY® P+OMY® | 0MY ‘V PHOMHO | PHOMH© | 
‘WY MHOX ‘VY MAOW! MAOW MOA8d ! MOAG MONI ' MONI 
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4.3 Instruction Map 


4 ‘gpppe 4 ‘+eMy® 


41‘9LP+Od ®. 1+Z2MYuO 


eNeg ' 


1‘9LP+EMY | 
ZNQd | 


1'9LP+LMY | 

ZNQC | 
1‘9LP+OMH | 
P+ZMu 
P+OMu 
p+SMu 
P+yMd 
P+eMu 
P+ZMu 
P+LMY 


ZNad' 


P+OMY 
ZNaqd 


ZNad 


1‘EMYO 
zNaq 


1‘ZMYUO 

1‘IMYe® 
zNaq 

1‘OMY® 


a2 
eS) =| 
‘Gy 
2! 
‘ey 
eaa-| 
ees] 


40" 


QLppe | +eMyO ‘V 


91PtOd®© | 47M ‘ Vv 


HORE ' 


PHOMHO 
Vv YOX | 


guuppe :+eMuyO ‘Vv 
glptod ® V+ZMuO “Y 
ZMY+OMY® , +OMY®O ‘V 
gIPtemMy® | EMUO ‘V 


9IP+1MH® | MD Vv 


PHOMHO 
YO | 


QLippe +#€MY®© ‘V 


9bP+Od® +ZMuO ' Vv 
' 


9LP+7MyeO anu Vv 


gP+ZMY® 
Vv 


sPtomMy® 
Vv 


gP+smMy® 
Vv 


gPt+pMy® 
Vv 


gPtemMy® 
Vv 


P+OMYHO | 
GNV : 


QLuppe +eMyO ‘Vv 


9bP+Od® #ZMUO * Vv 
dW | 


yMY+hMY® +LMY® Vv 
dd | 


YMY+OMH® +OMYO ‘v 
dINO 


9IPtZMY®© | ZMYO ‘V 


dW | 


P+ZMY® 
v 


Pt9MY® 
v 


P+GMY® 
v 


PtyMYe® 
v 


PteMY® 
v 


PHOMHO | 
dW | 


QLippe | +eMY® ‘V 
odav ' oadqv 


9LP+Od® +eMy® ' Vv 
odav | oadqv 


ZMY+Me® | T+EMdO ‘ Vv 
oaav | oadqv 


ZMY+0MH® | +OMH® ‘V 
oqav,  odav 


QLPtEMYO® | EMYO ‘V 
oday,  odav 


9LPtZMY© | 2MYO ‘V 
oadqv 


oaav , 
QLP+LMH® | IMHO ‘Vv 
oaav 


oaav | 


9IPtOMY® | OMHO ‘V 
oqav' = odav 


P+ZMY® 


oqav' = odav 


PHOMHO | 


oadav | oadqv 
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9 Lippe i+eMy®O ‘V 


9LP+Od® “+2Md@ * Vv 
ans: 


ZMd+ 1Me®, +LMY® ‘V 
ans. 


Z<Mu +OMYO , +OMH® “Y 


9LP+ZMYO© , ZMYO ‘V 


91P+LMu® ! IMu® “Vv 


PHOMH® | ' 
ans: 


_91P+Od® | 
aav: 


ZMU+OMU®, 


gLPtemu® 
dav, 


9 LP+OMHYO ! 


+OMYO ‘V 


ZMY® ‘V 


oMa® Vv 
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4.3 Instruction Map 


9 Lippe 


P+OMY® 
LON 


+€EMYHO 


Vv ‘QLippe 


Vv ‘+EMY® 


V ‘QLippe iy ‘+emMy® 
YO! 


V ‘9LPtOd® iV ‘+7MYO 
yO: 


P+LMY® | 
yO 


P+9MY® | 
le) 


P+GMHO' 
yO! 


P+P>MH®© | 
yO! 


P+EMHO ' 


P+ZMHO | 
yO! 


P+LMY® ' 
yO! 


v‘ep+omu®: 
uO! 


V‘glippe 1 v ‘+eMY® 
QNV ! 


V‘9QIPtO = WV ‘+ZMU® 
aNvV: 


v‘9IP+ZM | Vv ‘ZMHO 
GNv 
V‘SLPHLM | V‘LMY® 
Y® 
V‘9EPHOM | VW ‘OMY® 
Y® 


PtOM | 
aNv ' 


+€EMHO 


QLppe 
SAN: 


5 


9LP+Od® , 
SAN: 


7 
1 


+Z7MYUO 


LMYtIMY® » +hMey® 


SAN: 


/MYtOMH® , +OMH® 
DSN | 


giptemy® | 
SN, 


QLP+ZMHO | 


eEMY® 


ZMY® 


P+OMHO | 
DAN! 


QLppe +€My®© ‘Vv 
oans | oans 


9LP+Od® 1+ZMYO ‘V 
oans | oans 


ZMe+IMY® +1MY®© ‘Vv 
oans | oans 


ZMY+OMH® +OMY® “V 
dans;  ogns 


9IP+EMH® | EMHO “WV 
oans, ons 


9IP+zMY® |ZMYO ‘Vv 
ogns, ons 


9LP+IMH® |LMY® ‘Vv 
‘vy ogns, = ogns 


9LP+OMY® | OMYO ‘V 
‘vy ogns, = Ogns 


PHLMH® | LY ‘V 
oans' = ogns 


P+OMHO | 


Vv oans' oans 


(HSZ = 914q S414) 


V‘glippe =v ‘“+EMYUO 
ans: 


V ‘QLP+O iv ‘+7MY® 
ans: 


VEZMYtEM WV ‘+EMe® 
ans. 


Vv ‘ZMY+OM,¥ “+OMY® 
ans, 

Vv ‘QIP+EM , V ‘EMO 
ans, 

Vv ‘OLP+ZM | V 'ZMYO 
ans, 

V ‘QIP+LM |v ‘LMY® 
yO ans, 

V9EP+OM ‘Vv ‘OMYO® 
y® = ans! 


V‘guppe =. v ‘+EMYH® 
aav: 
V‘9LPtO | Vv ‘+Z7MY® 
VIZMYtLM VW '+LMY® 


v‘QIP+eMy , Vv ‘EMO 
aav, 


V ‘8P+0M | 
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4.3 Instruction Map 


J‘giuppe =. 4 “EMO 
ANGI ' ZN@Ma 


1°9LP+Od 1 . ‘+2MeO 
® ena ZN&Ma 


1UMEtIM 1 +LMe® 
y® ZNaMad: ZNaMa 
1ZMY+0M | 1 FOME® 
yu® zNamad,  zNaMa 

1‘QLP+EM , 1 ‘EMO 
yu® ZNama,  zNama 


1‘ZMYO 
ZNaMd 


1‘IMYe® 
ZNaMd 


1‘OMY® 
ZNaMd 


P+/MY | 4 ‘2M 
ZNama,, — ZNAMd 


P+9MY ‘1 “OM4 
ZNEMC , ZNE@Ma 


P+SMY | 4 “SM 
ZNa@Ma ; ZNE@Ma 


P+pMd |4 ‘PMY 
ZNaMa ZN@Ma 

‘ePteMd | 4 ‘EMMY 

ZN@Md ' ZNa@Ma 


P+2Muy_ | 4 ‘2M 
ZNEMC ! ' ZNE@Ma 


P+LMY uw LMd 
ZNEMC | : ZN&Ma 


P+OMY a ‘OMY 
ZN&@Ma 


d ‘QLP+ILM | 


oo 


QLippe | +eMyO ‘V 
MUOX | ! MYOX 


9LP+Od® | | AZMEO | Vv 
MHOX | MHYOX 


QLppe 1 +eMY® ‘V 


ZMYtLMH® | +LMY®O ‘V MEM ® 


‘Yo MYOOX) MUHOX [V 


meo 


ZMY+OMY® | ' +OMUO Vv LMFOM® 


‘VY MYOX, 


9 IP+EMH® , 
MHOX | 


9tP+7MY® 
M¥YOX 


MUHOX [V 


; €MHO ‘V 
MYOX 


P+27MY® | 2M ‘V 
MHOX ! { MYOOX 


P+LMY® =| LMU ‘V 
MHOX ! ' MYOOX 


P*OMY® | OMY ‘V 
MHOX ! MYOX 


MYO 


P+SMYO ' SMu Vv 


P+~MY® =| PMY ‘V 
PteMY® | EMH ‘V 
P+27MY© | 2M ‘V 


P+LMY® =| LM ‘V 


PtOMY® =| OMY ‘V 
MuO ! 


QLippe +teMY®© ‘V 
MQNYV ! 


9LP+Od® +ZMeO * Vv 
MQNV : 


YMYtlLMY® +1Mu® ' Vv 
MQNYV | 


bMu+omy® +omu® ‘Vv 
MANY | 


9IP+EMY® \SMYO ‘Vv 

MQNV | 
9LP+ZMY® |ZMYO ‘Vv 
‘Y MNV, 


' "OMe Vv 
MQANV 


QLIppe +EMYO© ‘V 
MdW9 | MdWO 


9LP+Od® +2MyO ‘ Vv 
MdW9 | MdW9O 


ZLMY+ MY ® +IMYO Vv 
MdW9 | MdWO 


/MY+OMY® +OMY® “V 
MdWO, Md 


9IP+eMY® MYO “V 

MdNO,  MdINO 
9LP+ZMYO® ZMYO ‘V 
‘Yo MdWO,  MdWO 


QLP+IMH® |1MY® ‘Vv 
MdWO, MdWWO 


9LP+OMY® NMYO ‘Vv 
‘Vv MdWNO , 


P+ZMY®© 
MdINd | 


‘LMd Vv 
MdWO 


‘SM ‘V 
MdWO 

'yMd ‘VW 
MdW9O 

‘eM ‘VW 
MdWO 


pP+7Mu® eat Vv 
MdWN9 ' : MdWO 


P+LMY® | LMY ‘V 
MdiN9 ! : MdWO 


P+OMY® "OMY Vv 
MdW9 ! MdWO 


QLippe +eMy® ‘V 
Vv moaay ' Moaay 


91P+0d® +ZMHO * Vv 
‘vy modav: modav 


ZMY+bMY® +1MuO ' Vv 
‘vy mModdv: Modayv 


/MutoMY® +oMY® ‘v 
‘Y moday, Mmodayv 


9IP+EMH® \EMY® ‘V 
‘y modav, moday 
9LP+ZMYO® |ZMYO ‘V 
‘vy modav, modav 


9LPtLMY® 'IMY® ‘ Vv 
‘vy modayv, Modav 


9IPHOMYO PMO ‘Vv 
‘y moday, Mmodav 


PtZMY® ‘ZW Vv 
Moday, Modav 


Pt9MYO ‘9Ma Vv 
Moadav, Moddav 


PtGMY® ‘SMH ‘V 
modav ' Moaay 


Pt+~MY® = ‘~My ‘V 
Modav ' Moaay 


PtEMY® ‘CMY ‘V 
Modaqv' Modayv 


PtZMY® | 2MY ‘V 
Moaav ' Moaay 


PtLMYu® “Md Vv 
Moda! Moaay 


PtOMY® ‘OM Vv 
‘vy modav: Mmodav 


tio to tao to tm Io 


to 


io} 
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9 Lippe i+EMYO ‘V 
Mans! Mans 


9LP+Od® +ZMyO ‘ Vv 
Mans: Mans 


ZMYt+}MY® +LMY® * Vv 
Mans: Mans 


ZMY+OMY® +OMY® “V 
mans, Mans 


3 LP+EMYO , , EMH® ‘V 
Mans , Mans 


9LP+ZMY© | ZMYO ‘V 
Vv Mans , Mans 


QLP+LMH® | LMY® ‘VY 
Mans , Mans 


' £Md Vv 
Mans 


' 9Md ‘VW 


P+ZMY®© 


fo 


P+OMYO 


toa 


P+sMY®© 


' GMa ‘WV 
; Mans 


tao 


 7Md ‘W 
Mans 
' €Md ‘VW 
Mans 
t zm Vv 
Mans 
! "MY Vv 
Mans 
! "OMY Vv 
Mans 


P+pMY®© 


to 


P+eMYO© 


to 


P+7MYO 


tao 


P+LMY® 


toa 


P+OMY® 
Mans! 


9 Lippe 
gLPtOd® | \ 
maav: 


ZMY+LMY®, 
maav: 


LMY+OMH®, 


OIPtEMY® , 
maav, 


9bP+zMy® 
mMaav, 


aIProMu | 


olt 


P+ZMY® 


QS £ 


Pt9MY® 


<x 


PtyMYy® 


co 


P+7MY® 


co 


PHIMY® | 


< 


PHOM® ' 
maay'! 


<x 
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4.3 Instruction Map 


9 Lippe V ‘glLippe . v ‘teMY® V ‘QLippe iv ‘+eMy® V‘9Lippe iW ‘+eMyO QLppe i+eMy® gluppe #€MYO ‘V V‘glippe =. VW ‘tEMY® V ‘9Lippe 
MUHOX | MHYOX MODAN | MOAN |‘V MOENS: MONS Mans: Mans |Y¥® Maav 


gP+od® | v‘9lPto | W‘tzmMd® | v‘9LPtO giptod® |+2My® giptod® +zMy@ ‘V v‘91pto,v‘+zmu® | Vv ‘9IP+O 


d® MxOXx , MYOX |d® MYO MOAN |‘V MOgNS: MONS | d® Mans, Mans |Y¥® Maav 


Vv ‘ZMYtIM V‘+IMY® W'ZMYtIM Vv ‘LMYthM Vv +LMYO LMYt+lLMy® '+LMY® ZLMY+kMY® +LMY® Vv Vv ‘ZMYt+hM ; Vv ‘+IMY® ZMut+ LM 
Y® MHYOX , MHYOX |Y® MYO Y® MAN, MANV MODAN |‘¥ MOENS, MONS |Y® Mans, Mans |Y¥® Maav 


V‘ZMYtOM | tOMH® W'ZMYtOM | VW tOMY® |V¥‘ZMYtOM_'V “+OMYE® ZMYtOMY® *OMH® ‘WV |V ‘ZMY+0M_| V ‘tOMU® ZMH+0M | ¥ ‘+OMH® 
Y® MHOX , MHOX |H® MxO MYO |H® MANY, MANY ‘y moans; MOognNs |yH® Mans, Mans |Y® madav maav 


V'OLPtEM | V‘EMY® |W ‘QEPtEM | V ‘EMYO V'OLPTEM |v ‘EMY® QIPtEMY® | EMY® 9LPtEMY®© | EMYO ‘V V'QLPtEM | Vv ‘EMYO 
Y® MyOX MHYOX |YH® Muyo! MYO |Y® MQNV ! MQANV MOAN | MOAN | ‘V MOENS | Mogns | ¥® Mans! 


V‘OLP+ZM | V'7MH® |W ‘OEP+ZM V'OLPtZM |v ‘7MY® 9IPtZMY® | ZMY® V'OLP+ZM | V ‘*@MYO 
Y® MuyOX ' MYOX |Y® MYO Y® MANY! MANV MOAN yY® Mans! Mans 


9LP+LMY® | V'OLPt+IM =| V‘IMY® |W ‘QEPTEM V'OLPHIM | V‘LMY® 9IPtIMY® | IMY® 9LPtLMY® | LMYO ‘V V'OLPtIM | V‘LMY® 
MLON ' Y® MuyOX' MYOX |Y® MYO Y® MANY! MODAN | MOAN |‘V¥ MOENS: MONS | Y® Mans: Mans 


+ F 4 
1 1 


V'9LP+OM 1 V‘OMY® WV ‘QLP+OM V'9LPHOM Ww ‘OMY® QIPtOMY® | OMYO 9LPtOMY® | OMY ‘V V'OLP+OM | 
Y® MYOOX: MYOX |YO MYO Y® MANY: MQANV MOAN |‘V MOENS: MONS | Y® Mans: 


P+JM , W‘ZMY PtHZMY® , LMY'V P+ZM rv 'ZMd 
MHOX , MHYOX MOENS, MONS Mans, Mans 


P+OM | W ‘OMY P+9MH® | 9MH P#9MH® | 9MH ‘V P+oM | ¥ ‘OMY 
MHOX | MuOX MOAN Mogns, Mogns Mans | Mans 


p+smy® ! P+SMU® _! P+SM_! 
MOAN | vy mogns| mogns mans | 


PHyMY® | YM WV 
‘vy Mogns' moans 


PteM =| VW ‘EM PtEM | V ‘EM ‘MY PHEMY® | MY ‘V PteM | VW ‘EM 
MYOOX MYOX MOAN MOENS' MONS Mans! Mans 


P+2M | VW ‘2M PtZM 1 V ‘2M PtZMY® | 2MY ‘V P+2M | VW ‘CMY 
MUHOX ! MYOX Y¥® MANY! MANV MOENS' MONS Mans! 

Pt+IM =. WSLMY V‘SPtLM 1 W ‘LM + EMMY ‘W P+IM 1 VW ‘EMY 
MHOX | MHYOX Y® MANY: MQANV MONS Mans: Mans 


P+OMu® | P+OM , W ‘OMY Vv ‘SP+OM , V ‘OMY PHOMH® | OMH ‘V Vv ‘SP+OM , 
MLON,  MLON [Y® MHOX,  MYOX yY® MCNV, MANY ‘y moans, moans y® mady 


Vv ‘OMY® 


1 
4 
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gLuppe | +€MYO “V 
MNAIC | MNAIG 


91PtOd © .+2MYO ‘Vv 
MNAIC | MNAIG 


LMY+LMY® +1 MYO “V 
mnaid, MAG 


LMetOMy® |+0MY®O ‘Vv 
mnaiad, — MNAIG 


QLPtEMY® | EMHO ‘V 
‘YooMnAIa, ~~ MNAIG 
QLP+ZMYO | ZMHO ‘V 


MNAIC | MNAIG 


QIPHLMH® | IMH® ‘Vv 
MnAia, — MNAIG 


9LPtOMYO ‘OMY® Vv 
MNAIC | MNAIG 


PHOMH® 
‘Yo MNAIC , MNAIG 


guuppe =i +e€My®O ‘V 
nAld: 


9LPtOd® =.+z7MyO 'V 
Nad: 


ZMY+ LMY® + LMY® “W 
YoMAIG, naid 


ZMY+OMY® +OMEO ‘V 
nal | 


QLPtEMY® 'EMYO ‘Vv 
vo NAG, 


9LPtZMYO© MYO ‘V 


AAC | naid 


9IPHLMY® 'IMY® ‘Vv 
‘vo AIG, nad 


PtOMY® OMYO ‘Vv 


P+OMH® 
Vv NAIC 


(H8Z = 21Aq 38.1144) 


QLippe i+eMeO ‘V 
‘VvomMmMmnWw: MM 


QIP+EMH® | EMHO ‘V 
Y MMINW, MNT 


91P+ZMH© , ZMYO ‘ 
‘Yom 


QIP+LMY® | LMH® ‘Vv 
‘vomMm 


9LP+OMY 
‘vooMM 


fo'doidn'dn' tunica 


bie} 


PtOMY® 
‘vYooMn 


ioe} 


 9EPtOd 


Vv 


9 
Vv 
9 
Vv 
9 
Vv 


gLippe 


nT 


IP+EMO | 
mn, 


1P+7MH© 


IP+LMY® | 
min, 


PtOMY® 
m1 


SUOI}ONAYSU ,,22,, 


+eMuy®O ‘V 


WL 
+ 


+ + + + 


< 


° = a oO +t ito} o ~ oo} fo) 
+ + + + + + + + + + + 
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Qlippe =. +eMYH® ‘LM 
‘LMd WAAOW! YH WSAOW 


9LPtOd®@ 1 +Z7MY® ‘LM 
‘LMd WAAOW: YH WSAOW 


ZMY+}MY® | +1MYe® ‘2M 
‘LMd WAAOW: Y WSAOW 


ZMY*+OMY® | +OMY® ‘LM 
‘LMd WAAOW, Y WSAOW 


9IP+EMH® |EMY® ‘ZMH 
‘ZMYVSAON, — V3AOW 


9LP+ZMYO 'ZMYO ‘LM 
‘2M WAAOW VAAOW 


9LP+LMH® |LMY® ‘ZMY 
‘LMY VSAON, — WaAOW 


9LP+OMH® ‘'OMY® ‘ZMY 
‘LMY WSAOW V3AOW 


P+ZMY® | ZMY ‘ZMH 


‘LMY VSAON; ~~ WAAOW 


8P+omMy® 9Md *LMY 
‘LMe VWAAOW VAAOW 


8 


8PtOMY® | OMY ‘ZMY 
‘LMd WAAOW ' VAAOW 


QLIppe i+eMY®© ‘9M 
9M W3SAOW ' VAAOW 


LMY+OMY® +OMY® ‘OM 
OMY W3AOW, Y W3AOW 


9IPteMY® MYO ‘OMY 
OMY VSAOW, — VaAOW 


9LP+ZzMYO® ZMYO ‘OMY 
OMY VIAOW, — WAAOW 


9LP+IMH® |}MH® ‘OMY 
9MY VSAOW, — WaAOW 


9LP+OMH® OMH® ‘OMY 
9MY WSAOW, = WSAOW 


P+ZMY® | ZMH ‘OMY 
9MY VAAOW, = WaAOW 


P+9MY®O ; 9Mu ‘OMY 
9MY WAAOW VAAOW 


P+SMH® | SMH ‘OMY 
9MY VSAOW' = WAAOW 


P+~MY® | PMY ‘OMY 
9M¥y WAAOW ; VAAOW 


P+EMY® | CMY ‘OMY 
9M¥y WAAOW VAAOW 


P+ZMY® | ZMY ‘OMY 
9MY WAAOW VAAOW 


P+LMY® 
9M¥ VSAOW | 


P+*OMY® ‘OMY ‘OMY 
9M W3AAOW ' VAAOW 


"LM ‘OMY 
VAAOW 


QLippe i+eMY® ‘SM 
[SGMY VSAOW: YH WSAOW 


9LP+Od® 1+Z@MY© ‘SM 
‘SMe VSAOW: YH WSAOW 


ZMY+IMY® 1 +}Me® “SM 
‘SMeY VWSAOW: YH WSAOW 


LMY+OMH® ,+0MY® ‘SM 
‘SMU VSAOW , Y V3AOW 


9LP+eMY® CMY ‘GMY 
‘SMU VSAOW, — V3AOW 


9LP+ZMY® |ZMHO ‘SMH 
SMd VSAON, — WAAOW 


9LP+1LMH® '1MY® ‘SMH 
SMH VSAOW, = V3AOW 


9LP+OMH® 'OMY® ‘SMY 
FSMY VSAOW, = VSAOW 


P+ZMH® | ZMH ‘SMU 
SMH VSAON , = VSAOW 


pP+oMYO 
4 VSAOW 


P+sMy®© 
'GMY VSAOW 


P+eMY© 
'GMY VWSAOW 


P+7MyO 
'GMY VWSAOW 


P+LMY® 
'GMY VSAOW 


QiLippe =i +eMYO ‘VM 
‘yMe WSAOW! YH WAAOW 


9LP+Od® =. +7@MYO ‘VM 
‘yMe WSAOW: YH WAAOW 


ZMYt+IMY® | +1Me® ‘VM 
‘yMe WSAOW: HY WSAOW 


ZMY*OMY® | tOMY® ‘VM 
‘yMed WSAOW Y WAAOW 


QIP+EMH® {EMH “PMY 
‘yMYVSAOW, — V3AOW 


9LP+ZMY® ‘'ZMYO ‘yMY 
‘eM VSAON, — VAAON 


QLP+1MY® |1MY® “bY 
‘yMYWSAOW, = WAAOW 


9LP+OMY® 'OMYO® ‘vMY 
‘yMYVSAOW, = WSAOW 


P+ZMY® 
‘yMY WSAOW 


P+OMYO 
vMY VWSAOW 


P+GMU® 
‘yM\Y W3AON | 


P+pMYe® 
‘yM\Y W3AON | 


sPtemMy® 
‘eM W3AON ! 


8PtOMH® 


‘yMd W3AONW | VAAOW 


QLippe 1 +eMY® ‘EM 
‘eMe WSAOW! YH WSAOW 


ZMY*+OMY® | tOMY® ‘EM 
‘eMe WSAOW HY WAAOW 


9IP+eMY® .eMy® ‘EMY 
‘EMU VSAOW, — V3AOW 


9LP+ZMY® ‘'ZMYO ‘CMY 
‘eMY VSAON, — WAAOW 


QLP+IMY® | 1MY® ‘EMH 
‘SMH VSAON, = VaAOW 


9LP+OMY® 'OMYO® ‘eMY 
‘SMH VSAOW, = VSAOW 


P+ZMY® | ZMH ‘EMH 
‘eMe WSAOW , VAAOW 


pP+oMy®© 
‘EMY VSAOW 


P+GMU® 
‘EMMY V3AON | 


P+pMYe®© 
‘EMMY VAN | 


sPtemMy® 
‘EMY W3AON ! 


P+7MyO© 
‘EMY WAAON ' 


P+IMY® |! 
‘EMY WAAON ' 


P*OMYHO | 
‘EMY WAAON ' 


VAAOW 


QLippe i+€MY®© ‘7M 
eMy WAAOW' WY WSAOW 


9LP+Od® 1 +27My® ‘2M 
@My WAAOW: HY WSAOW 
ZMY+IMY® i+LMd® ‘7M 
eMy WAAOW: Y WAAOW 


ZMY+OMY® | +OMY® ‘ZM 
ZMH WSAOW, Y W3AOW 


9LP+eMY® \eMuO ‘ZMH 
ZMYVSAOW, — V3AOW 


9LP+ZMY® 'ZMYO ‘ZMY 
ZMH WAAOW, — WAAOW 


QLP+IMH® |LMY® ‘ZMY 
Z@MY¥ WAAOW, — WaAOW 


9LP+OMH® ‘OMY® ‘ZMY 
z@M¥ WSAOW, = WSAOW 


P+ZMY® | LMU ‘@MY 
Z@MY WAAOW, = WaAOW 


pP+9MyO 
ZMY VWSAOW 


P+GMU® 
ZMu W3AOW | 


P+pMYe®© 
ZMu W3AOW | 


sPtemMy® 
2M W3AOW | 


P+7MY© 
ZM¥Y WSAOW 


P+1LMY® 
ZM¥Y VWSAOW 


8PtomMy® 
ZM¥Y WAAON ' 


1 
a 


1 
4 


VAAOW 
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9 Lippe itEMY® ‘LM 
‘IMY W3AOW! HY VWSAOW 


9LP+Od® 1+ZMY® ‘1M 
“IMY WSAOW: HY VWSAOW 


ZMY+IMY® 1 +1Me® ‘1M 
‘IMY W3AOW: HY VWSAOW 


LMY+OMH® , +OMH® ‘LAA 
‘IMY V3AOW, H V3AOW 


9LP+eMY® EMO ‘EM 
‘IMYVZAOW, — V3AOW 


9LP+ZMY® ZMYO ‘LM 
‘LMHVSAON, — VAAOW 


9LP+IMH® 'LMY® ‘LM 
‘LMYVSAOW, = V3AOW 


9LP+OMH® OMY® ‘1MY 
‘LMYVSAON, — V3AOW 


P+ZMY® | ZMH ‘LMU 
‘MY VSAON, — VSAOW 


P+9OMYO ‘OMY “LMd 
LMY VSAOW VAAOW 


P+GMYO 'SMY “LMd 
“LMY WSAOW | VAAOW 


P+~MY® ‘~My ‘EMY 
“LMY W3AON VAAOW 


Pt+eMY® = 'SMY ‘LMY 
“LMY W3SAON VAAOW 


8PtOMY® ‘OMY ‘EMY 
“LMY W3AOW' VAAOW 


QLppe 1 +eMY® ‘OM 
FOMY VSAOW:'H = W3SAOW 


9LPtOd®@ 1 +7@My© ‘OM 
FOMY VSAOW:H =W3SAOW 


ZMY+hMe® | +LMY®© “OM 
FOMY VSAOW.H = W3SAOW 


LMY+OMY® +OME® ‘OM 
‘OMY V3AOW.H  V3AOW 


QIP+EMH® |EMYO ‘OMY 
foMY WSAOW, — W3AOW 


9LP+ZMY® 'ZMYO ‘OMY 
OMY VSAOW, — V3AOW 


QLP+IMH® |LMY® ‘OMY 
‘OMY WSAOW, = WaAOW 


9LP+OMH® |'OMY® ‘OMY 
(OMY WSAOW, = W3AOW 


P+ZMH® | LMU ‘OMY 
(OMY WSAOW, = WaAOW 


8P+9oMY® 9Md ‘OMY 
‘OMY VSAON VAAOW 


8P+*SMH® | SMY ‘OMY 
OMY WAAON! VaAOW 


8Pt+yMYe® 

(OMY WAAON! 

sPtEMY® 

FOMY V3AONW! 

8P+ZMY® | ZMY ‘OMY 
‘OM VAAOW 


8I kL Md ‘OMY 
VAAOW 


8PtOMYH® | 
FOMY VSAOW! 
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9Lippe +eMu®© 


+1MYe® 


QIPtEMY® , EMYO ‘ZY 
ZMY® ‘ZY 


QLP+1LMH® | 
‘LY AOW , 


9LP+OMY® | OMY® ‘ZY 
‘LY AOW, AOW 


PtOMYH® 
‘LY AOW! 


Qlippe | 


7 
1 


LMYtlMYy® 


QLP+1IMH® | 
‘9H AOW, 


QIP+OMH® | 
‘SH AOI, 


P*OMYHO | 
‘9H = AOW! 


+€MYHO 


ZMY® ‘OY 


Ou ‘OY 
AOW 


QLuippe | +eMY® ‘SY 
‘GH AOW | 


9LP+Od® | +7@MYO ‘SY 
‘Gu AOW | 


ZMY+IMY® | +1/MY®© ‘SY 
‘Gu AOW | 


ZMY+0MY® , +OMY® ‘SH 
‘SH AOW: 


QIP+EMH® , EMO ‘SH 
‘SH AOW, 


9LP+ZMH@ | 
‘SH AOW, 


QLP+IMH® | 1LMY® ‘SH 
‘SH AOW, 


9LP+OMY® | OMY® ‘SY 
‘su AON, AOW 


P+ZMY® | 2H ‘SH 
‘SH AOW, 


ZMY® ‘SY 


P+OMY® 
‘SH AOW | 


QLppe 1 +eMy®O ‘vy 
AOW | 


9LP+Od® =. +2@MYO ‘vy 
AOW | 


ZMYt+IMY® | +/Me® “ve 
AOW | 


LMY+0MY® , tOMY® “bY 
AOW | 


QIP+EMH® , EMYO ‘vy 
AOW | 


QLP+ZMH® | 
AOW , 


QLP+IMH® | 
‘yu 


ZMY® ‘vy 


P+OMYHO | 
‘yy AOW' 


+€MY® ‘ey 
AOW 


9 Lippe 
‘ed AOW! 


ZLMY+0OMY® *+0MYO ‘eu 
AOW | 


QIP+EMH® | EMY® ‘CY 
AOW | 


9LP+27MY© , ZMYO ‘ey 
AOW , 


QLP+IMH® | IMHO ‘EX 
‘SH = AOW, 


9IP+OMY® | OMY® ‘EY 
‘cy = AOW AOW 


P+OMYHO | 
‘CH =AOW' 


QLppe i+€MY® ‘ZY 
AOW | 


9LP+Od® 1+Z2Muy© ‘cy 
AOW | 


LMYt+IMY® |+1Me® ‘ZY 
AOW | 


LMY+OMY® ,+OMY® ‘ZY 
AOW: 


QIP+EMH® | EMYO ‘ZH 
AOW | 


9LP+ZMY© , ZMYO ‘ZY 
AOW , 


QLP+IMH® | IMYH® ‘ZH 
‘tH AOW, 


QIP+OMH® | 
AOW | 


P+OMYHO | 
‘TH = AOW'! 


(HVZ = 91Aq 38414) B98 ‘IY AOW SL'E'b 21981 


9 Lippe \ 
AOW! 


ZMY+IMe® | 
AOW: 


LMU+OME®, 
AON 


9LP+ZMy® | 
AOW, 


9LP+IMY® | 
‘LY AOW, 


91P+OMH® | 
‘LY AOW, 


P+OMHO | 
‘WY AOW! 


ZMY® ‘1Y 


OMY® ‘1Y 
AOW 


Ou ‘HY 
AOW 


9 Lippe '+€MY® ‘OY 
AOW! 


9bPtod® | 

AOW: 

ZMd+ IMY®, +LMd® ‘OY 
AOW: 


ZMY+0MY®, *OMY® ‘OU 
AON 


QIPtEMH® | EMH® ‘OY 
AOW, 


QLP+ZMuy® | 
AOW, 


QLP+IMY® | LMY® ‘OY 
‘OH = AON, 


QtP+OMY® | OMYO ‘OY 
‘ou = AOW, AOW 


+@Mu®© ‘OY 


SPtOMH® | 
‘OH ~=AOW' 
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gluppe =| EMO ‘ZM 
‘LMad MAOW! YX MAOW 


91PtOd® 1 +z7MY@ “LM 
‘LMad MAOW: Y  MAOW 


M+ LMe® | +IMd® | ZM 
‘LMad MAOW: Xe MAOW 


ZMY+OMH® | +OMY® ‘LM 
“ZMH MAO: Ho MAOIN 


QIPHEMH® EMYO ‘ZMH 
‘MY MAOW, — MAOW 


9LP+ZMH® 'ZMHO ‘ZMH 
‘2M MAOW , MAOW 


9LPtLMY® =I MY®© “ZMY 


‘2M MAOW | MAOW 


91P+OME® ‘OMYO * ZMd 
MAOW 


2M ‘LMY 
MAOW 


P+ZMY® | 
Md MAOW | 


Pt9MYO , 9Ma “LMd 
MY MAOW | MAOW 


P*SMU® | SMH ‘ZMH 
MY MAOW | MAOW 


PtyMY® | Me ‘ZMY 
MY MAOW ; MAOW 


PtEMY® | CMY ‘ZMY 
MY MAOW MAOW 


PtZMY® | ZMY‘ZMY 
Md MAONW ! ' MAOW 


PtIMY® =| LMe ‘ZMY 
Md MAONW ! ! MAOW 


PHOMHO | "OMe “LMd 
‘LMd MAOW ! MAOW 


‘ 


8 
Zi 


No 


Yo,e~o,oa 


No 


No 


ioe} 


QLuppe i+eMY®© ‘OM 
‘OMe MAOW: 4 = MAOW 


9LP+Od® zm ‘ 9M 
‘OMe MAOW: Y= MAOW 


ZMYt+}MY® +IMg® 9M 
‘OMe MAOW: 4 = MAOW 


LMY+OMY® |+OMY® ‘OM 
‘OMY MAO, YH MAOW 


9IP+eMY® MYO ‘9M 
‘OMY MAOW, — MAOW 


9LP+ZMH® 2MYO ‘OMY 
‘OMY MAOW | MAOW 


9LP+LMY® 'LMH® ‘ 9Mu 
‘OMY MAON , MAOW 


9LP+OMY® OMY® * 9Mu 
‘OMY MAON , MAOW 


P+AMH® ' ZM8 ‘9MY 
MY MAOW , MAOW 


P+9MH® | OMY ‘OMY 
MY MAOW MAOW 


P#SMU® | SMH ‘OMY 
MY MAOW ' MAOW 


P+~MY® | pMY ‘OMY 
MY MAOW ; MAOW 


PtEMY® | EMY ‘OMY 
MY MAOW * ; MAOW 


P+ZMY® | ZMY ‘OMY 
Ma MAOW | ' MAOW 


P+LMY® | LMY ‘OMY 
MY MAON | J MAOW 


P+OMY® "OMY ‘OMY 
‘OMY MAOW | MAOW 


gluppe i +eMY® ‘SM 
‘CMY MAOW | Y  MAOW 


91P+dd® \t@Me® SM 
‘GMY MAOW: HY MAOW 


M+ LMa® | +LMe® ‘SM 
‘CMY MAOW: HY MAOW 


LMY+OMY® ,+0MY® ‘SM 
‘SMU MAO Y MAOW 


9IP+eMH® MYO ‘SMU 
‘SMU MACON, — MAOW 


9LP+ZMH® 'ZMYO ‘SMH 
‘GMY MAON , MAOW 


QLP+1LMH® | LMY® ‘SM. 
‘GMY MAOW , MAOW 


91P+OMYO DMY® ‘SMy 
‘GMY MAOW , MAOW 


P+ZMY® | | 2M ‘SMU 
‘GMY MAOW | MAOW 


PtOMH® 
‘SMU MAON | 


P+SMH® ! 
‘SMH MAOW | 


PtyMY® ' 
‘SMY MAOW ! 


PtEMY® ' 
‘SMU MAOW ! 


P+ZMY® ' 
‘GMY MAOW | 


PtLMY® | 
‘GMY MAOW ! 


PHOME® | OMY ‘SMY 
‘GMY MAOW | MAOW 


gtuppe = +EMYH® ‘PM 
‘yMYd MAOW! HY MAOW 


g1PtOd® +2Mu® ‘ vM 
‘yMY¥ MAOW: Y= MAOW 


LMYtIMY® +1MdO ‘ vM 
‘yMYd MAOW: YH MAOW 


LMY+OMY® '+OMu® ‘ vM 
‘yMY¥ MAOW: YH MAOW 


9IPHEMH® |EMuO “MY 
‘bY MAONW | MAOW 


9LP+ZMY® 'ZMYO ‘bY 
‘yMY MAOW , MAOW 


QLP+IMH® | -Me® ‘PM 
‘yMdY MAOW , MAOW 


9LP+OME® ‘OMY® * vMu 
‘yMdY MAOW , MAOW 


P+ZMYH® ' ZMH ‘yMa 
MY MAOW , MAOW 


x 


+o 


ioe} 


OMY ‘yMd 


‘yMdY MAOW | MAOW 


gluppe 1 +eMY® ‘EM 
‘EMed MAON' YH MAOW 


9LP+Od® +ZMHO | eM 
‘eEMd MAON: YH MAOW 


YMYtIMe® | +LMeO ‘ eM 
‘eEMed MAON: YH MAOW 


ZMY*OMY® | '+0MUO ‘ eM 
‘EMed MAON: YH MAOW 


QIP+EMY® |EMHO ‘EMH 
‘EMU MAOW | MAOW 


9LP+ZMH® 'ZMHO ‘EMH 
‘EMY MAON , MAOW 


9LP+LMY® 'LMY® ‘ €Mu 
‘EMd MAONW , MAOW 


9LP+OMYO ‘OMY® * €Mu 
‘EMY MAOW , MAOW 


P+ZMY® 
MY MAOW 


OD, 9H, HM, HM, GH, 


mo 


ie} 


OMe ‘EMMY 


‘eMd MAOW | MAOW 


guuppe i +eMy® ‘7M 
‘tMd MAOW! Y= MAOW 


9LP+Od® +ZMy® | cM 
‘tMd MAOW: Y= MAOW 


LMu+1Me® +1IMeO ‘ cM 
‘tMd MAOW: Y= MAOW 


ZMY+OMY® +OMYO ‘ cM 
‘tMed MAOW: Y= MAOW 


QIP+eMY® EMY®O ‘ZMH 
‘2MYMAOW, — MAOW 


9LP+2Mu® |2My®© ‘ZMY 
‘MY MAOW , MAOW 


gtP+IMY® ‘IM ® ‘ eMd 
‘tMd MAOW , MAOW 


91P+OMU® ‘OMY® ‘ eMd 
‘tMd MAOW , MAOW 


PtLMH® ° Me ‘2MY 
MY MAOW , MAOW 


P+9MYO , 9Ma ‘tMY 
Me MAOW | MAOW 


P+SMU® | SMH ‘ZMH 
MY MAONW | MAOW 


P+~MY® | PMY ‘ZMY 
MY MAOW MAOW 


PteMY® | CMY ‘ZMH 
Ma MAOW © ' MAOW 


P+ZMYO Ze ‘tMa 
Ma MAOW | : MAOW 


P+LMY® | LMY ‘ZMY 
Ma MAOW ' : MAOW 


P+OMYO | "OMY ‘tMd 
‘tMd MAOW | MAOW 


‘ 


NON 


ND 


Wao i gm! giao 


ND 


eo} 
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9 Lippe itEMY® “LM 
“LMd MAQW | Y  MAOW 


9LP+Od® teMy® | LM 
‘LMYd MAOW: 8 = MAOW 


AMY LMY® ‘+iIMd@ ‘ 1M 
“LMYd MAOW: 8 = MAOW 


ZMU+OME® +OME® “LM 
“IMY MAO, YMAOW 


QIP+eMY® MYO “LMY 
‘LMU MAOW, = MAOW 


9LP+zMH® ZMYO ‘LMY 
“LMY MAOW , MAOW 


gIP+LMY® ‘1MH® ‘ /Mu 
“LM MAON , MAOW 


9LP+OMe® ‘OMY® * /Mu 
“LM MAON , MAOW 


PtZMYU® ‘Md “LMd 
MY MAOW , MAOW 


P*9MH® '9MH ‘LMU 
Md MAOW | MAOW 


P+SMY® 'SMU “LMY 
MY MAOW' MAOW 


PtyMY® = 'PMY ‘EM 
MY MAOW MAOW 


PHEMY® = '€MY ‘EM 
Md MAOW ' ' MAOW 


P+7MYUO ‘zm “LMd 
Md MAOW! : MAOW 


PtLMY® ' LMd ‘EM 
Md MAOW ! : MAOW 


PtOMY® “om “LMd 
“LM MAOW | MAOW 


guuppe | +eMY® ‘OM 
‘OMY MAOW! Y  MAOW 


9LP+Od® ZMEO * OM 
‘OMY MAOW: ¥ 


ZMe+1MY® | +LMd® * OM 
‘OMY MAOW: XY MAOW 


ZMY+OMH® , *OMY® ‘OM 
‘OMY MAOW, ¥ 


9IP+EMH® |EMYO ‘OMY 
‘OMY MAOW, 


9LP+2MY® |ZMYO ‘OMY 
‘OMY MAOW, 


9LP+IMY® | 
‘OMY MAON, 


91P+OMY® ‘OMH® * OMY 
‘OMY MAOW! 


P+LMU® 
‘OMY AON 


P+LMY® 
‘OMY MAOW! 


gPt+oMy® 
‘OMY MAOW! 


OMY ‘OMY 
MAOW 
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ZY ‘QLIppe 1 ZY “+EMY® | 9Y ‘QHPPe 19H “+EMY® | SH ‘QLIPPE GH ‘+EMY©|] pH ‘QPPE 7 “+EMY®!] CY ‘QLIPPE i€Y ‘+EMY®| ZY ‘OLIPPE | ZY +EMY®) 1Y ‘QLPPe 1 LY ‘+EMY® | OY ‘QLpPe 10Y ‘tEMYO 

AOW! AOW AOW | AOW AOW | AOW | AOW ! AOW! AOW AOW! 

ZY ‘9LPtOd) ZY ‘+7@MYO VY ‘OLPtOd 17H “+ZMY®] CY ‘9LP+Od EY “+ZMY®| 2Y ‘9EP+Od | 2H “+Z7MY® 0 ‘9LP+Od 0H ‘“+27MY® 
\ AOW | AOW | AOW | AOW: 

ZY ‘ZMd+h dy ‘ZMUtl €o “+LMY®@ | 2 SZMUtE , ZY ‘+ LMYO ie) ‘ZMY+1 08 ‘+1Me® 

MY® AOW MY® AOW: MY® AOW: MY® AOW: 


24 ‘LMWY+0 94 ‘ZMY+O | 9H ‘tOMH® | SH ‘ZMY+O SH +OMY®) PH ‘ZMY+O .pH “tOMHO| Sy ‘ZMH+O £4 ‘tOMYO | ZH ‘ZMH+O, ZH FOMYO LY ‘ZMY+O | LH ‘tOMH®| OH ‘ZMY+O,0H “tOMY®O 
MY® AOW MY® AOW, MY® AOW MY® AOW, MY® AOW, MY® AOW, MY® AOW, MY® AOW, 


| LY'EMY® | 9H ‘9LPtE | GH ‘OLPtE | SH‘EMYO| PH ‘OLPTE | PY ‘EMH@| CH ‘QIPtE | cu‘cMY®@| ZH ‘OLPTE; ZY‘EMHO| LY ‘gIPte | OH ‘9LP+E| 04 ‘EMU® 
MY® AOW, MY® AOW MY® AOW, MY® AOW, MY® AON, MY® AOW, MY® AON, 


Zu ‘7MY® | 9H ‘9IPtZ , 94 ‘7MY® GU ‘QIPtZ | SY ‘7MYO pu ‘QLP+2 | py ‘ZMY@) Cy ‘9IPt2 , CY ‘7MYO ZY ‘OLP+Z | ZH ‘ZMYO] LY ‘9IP+Z =| LY ‘*@MYO OY ‘9LP+Z, OY ‘ZMY® 


MY® AOW, MY® AOW MY® AON, MYy® AOW, MY® AON, MY® AOW, MY® AON, 
9Y ‘9LP+1 GU ‘QLPt+ bY ‘OLP+L €y ‘QLPt+L | €Y ‘IMH® ZY ‘OLP+L | ZH ‘LMY®| 1H ‘OLP+L OY ‘9LP+LM' OH ‘LMYH® 


MY® AOW, MY® AOW MY® AOW, MY® AOW, MY® AOW, MY® AOW, MY® AOW, 


9 ‘OLP+0 SH ‘9LP+0 pH ‘9LP+O | eu ‘91P+O | €y ‘OMY® 2H ‘9IPtO | ZY ‘OMH® | Ly ‘QLP+O OH ‘91P+0' OH ‘OMH® 
MY® AOW MY® AON MY® AOW, MY® AON, MY® AON, MY® AOW MY® AON, 


OH ‘8PtOM LY ‘SP+OM OH ‘BP+OM 
y® AON: y® AON: y® AOW: 


(HOZ = 21Aq S414) 1H ‘28 AOW ZL'E'h 21981 
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ZMu ‘91 1 2Md ‘+d 
4ppe MAOW! © 


ZMu ‘9LP ZMu ‘+Z@MY 
+0d@ MAOW: © MAOW 


2M ‘ZMet+, 2M ‘+ LM 
LMYOMAON, © MAOW 

ZMUY “1MU+, ZMu ‘+OMY 
OMYOMAON, @ 


ZMu ‘9b P+ ‘ZMH ‘CMe® 
EMYOMAOCN 


ZMY ‘9EP+ | ZMY ‘ZMH® 
ZMHOMAOW, 


ZMu ‘9LP+ 
LMYOMAOWN 


ZMuY ‘LMe® 


ZMu ‘9LP+ | ZMH ‘OMY® 
OMY®MAOW 
ZMH ‘8P+Z | 
MY® MAOW! 
ZMH ‘8P+9 | 
MY® MAONW' 


2M ‘ZMd 


ZMd ‘8P+E | 
MY® MAOW! 


ZMu ‘8P+2 1 
MY® MAOW: 


ZMd ‘2M 


ZMu ‘8P+h »  ZMe ‘ELM 
MY® MAOW: MAOW 


ZMd ‘8P+0 , ZMu ‘OMY 
MY® MAOW, MAOW 


9MHu ‘91 1 OMY ‘+EMY 
4ppe MAOW: © 


9MY‘9IP =, OMY ‘+2@Md 
+0d® MAOW: © MAOW 


7 


OMY 'ZME+, 9M HEME 
IMYOMAOW, © MAO 
OMY ‘ZME+, 9Me “HOME 
OoMYOMAOW, © 


9MH ‘9LP+ | OMY ‘EMHO 
EMHOMAOW, 


OME ‘9EP+ | 9MY ‘ZMH® 
ZMYOMAOW, 


OMY ‘91P+ | OME ‘LMH® 
IMYOMAOW, MAOW 


9MU ‘9EP+ ‘9M ‘OMY® 
OMHYOMAOW! 
9Mu ‘8PtZ | 
MY® MAOW' 


9M ‘ZMY 


9Mu ‘8Pt9 | 
MY® MAONW' 


9Mu ‘8Pts | 
MY® MAONW' 


4 
9Mu ‘8PtP | 
MY® MAON'! 


4 
9Mu ‘8PTE | 
MY® MAONW! 


9Mu ‘8PtZ | 
MY® MAONW: 


9MU ‘8PtL 
MY® MAON: 


9M ‘OMY 
MAOW 


9Mu ‘8Pt0 , 
MY® MAON: 


SMU ‘91 1 SMe ‘ted 
4ppe MAOW: © 


SMU ‘9LP 1 SMe ‘+2Md 
+90d® MAOW: © MAOW 


SMY ‘ZMet+, SMe ‘+LMd 
LMY@MAOW, © MAOW 

SMU “UM SM ‘+OMY 
OMY@MAOWN, @ 


SMH ‘9LP+ SMH ‘EMHO 
SMYOMAON , 


SMU ‘9LP+ 
ZMYOMAOCN 


SMU ‘9LP+ 
LMY@MAOW 


SMH ‘IMY® 
SMU ‘9LP+ ‘smd ‘OomMY® 
OMYOMAOW | 
SMH ‘SPt+Z | 
MY® MAOW! 


SMU ‘ZMY 


SMU ‘8Pt9 | 
MY® MAONW' 


SMU ‘8PtE | 
MY® MAONW! 


SMU ‘8Pt2 1 
MY® MAONW: 


SMU ‘8Pt+L 1 
MY® MAOW: 
SMU ‘8P+0 , 
MY® MAONW: 


SMU ‘OMY 
MAOW 


MH ‘9b 1 7Md ‘+8Md 
4ppe MAOW! © 


vMY ‘SIP | VM ‘+2Md 
+90d® MAOW: © MAOW 


DM ‘ZMY+, PMY ‘+h 
LMY@MAOW, © MAOW 


vMY “1MU+, vMuY ‘+OMY 
OMY®MAOW, © 


vMH ‘9LP+ | yMY ‘EMH® 
EMHOMAOW, 


pM ‘9LP+ | pMe ‘ZMH® 
ZMY@MAOW, 


vMd ‘9LPt+ 
LMY@MAOW 


vMY ‘}MY® 


pMY ‘91LP+ | yMY ‘OMY® 
OMHYOMAOW 
PMU ‘8PtZ | 
MY® MAOW' 


vMY ‘ZMY 


vMd ‘8P+9 | 
MY® MAOW' 


vMu ‘9M 


VM ‘8PTE | 
MY® MAOW! 


vMH ‘8Pt2 | 
MY® MAOW: 


vMd ‘CMY 


vMd ‘8P+h 1 
MY® MAOW: 


DM ‘LM 
MAOW 


vMY ‘8P+O , PMY ‘OMY 
MY® MAOW, MAOW 


Mu ‘91 1 €Md ‘+8Md 
4ppe MAOW! © 


eMY‘9IP | EM ‘+2Md 
+O0d® MAOW: © MAOW 


ai 


€Md ‘ZMdt+, €Md ‘+h Md 
LMY@MAOW, © MAOW 

&MY “1M+, Md ‘+OMY 
OMY@MAOW, @ 


EMH ‘9LP+ | EMH ‘EMHO 
EMHOMAON, 


eMY ‘9IP+ ‘eMy ‘MYO 
ZMYOMAON, 


EMH ‘91P+ ‘EMH ‘LMH® 
LMH®MAOW | 


€MU ‘9EP+ emu ‘OmMY® 
OMY®MAOW | 
EMH ‘8PtZ | 
MY® MAOW'! 


&Mu ‘ZMY 


Mu ‘8Pt+9 | 
MY® MAON' 


Mu ‘8PtS | 
MY® MAONW' 
4 

Mu ‘8Pt+P | 
MY® MAONW' 
4 

Mu ‘8PTE | 
MY® MAOW' 


Mu ‘8PtZ 1 
MY® MAOW: 


Mu ‘SPL 
MY® MAOW: 


7 
1 


Mu ‘8Pt+0 
MY® MAOW, 


&Mu ‘OMY 
MAOW 


ZMH ‘9b 1 @Md ‘+6Md 
4ppe MAOW! © 


ZMH ‘SEP, OMe ‘+2 
+90d® MAOW: © MAOW 


ZMY ‘ZMY+, = ZMY ‘+L 
IMYOMAON, © MAOW 

cMY ‘2Mu+" ZMu ‘tOMY 
OMYOMAON, © 


ZMH ‘91P+ | ZMH ‘EMHO 
EMHOMAON, 


ZMU ‘QEP+ | ZMH ‘TMY® 
ZMHYOMAOW, 


ZMH ‘SLP+ | ZMH ‘LMY® 
LMH@MAOW MAOW 


ZMU ‘9 P+ '2Md ‘OMY® 
OMHOMAON! 
ZMH ‘8P+Z | 
MY® MAOW! 


@Mu ‘ZMY 


ZMu ‘8Pt9 | 
MY® MAOW' 


MU ‘SPTE | 
MY® MAOW! 


ZMU ‘8PtZ 1 
MY® MAOW: 


2M ‘SPTh 
Y¥® MAOW: 
ZMu ‘8P+0 , 
MY® MAONW: 


ZMuy ‘OMY 
MAOW 


(HGZ = 814q 38414) IMU ‘82 MAOW SLE’ 219281 


L MY ‘9b 1 EMMY‘ 
4ppe MAOW: © 


LMd ‘QP 1 EMY ‘+@Md 
+0d® MAOW: © 
r 
MY ‘ZMd+, LM‘ 
IMY@MAOW, @ 


/MY “1M, LM ‘+OMY 
OMY@MAOW, @ 


LMH ‘9LP+ | LMY ‘EMH® 
EMHOMAOW, 


LM ‘9LP+ ; MY ‘ZMYO 
ZMHOMAOW 


Md ‘9EP+ = LM ‘LMY® 
LMY@MAOW 


LM ‘9LP+ ; MY ‘OMY® 
OMHOMAOW, 


Md ‘8PtZ | LMd ‘ZMd 


MY® MAOW'! 


LM ‘8Pt9 | 
MY® MAOW' 


LMu ‘8Pts ! 
MY® MAOW' 


L 
LMu ‘8Pty | 
MY® MAOW'! 


L 
LMu ‘8Pte | 
MY® MAOW! 


LMd ‘8Pt2 5 
MY® MAOW: 


LMu ‘8PtL 1 
MY® MAOW: 
LMu ‘8P+0 , 
MY® MAOW, 


LM ‘OMY 
MAOW 


OMH ‘9L 
Appe MAOW | 


OMY ‘ZMut+ | OMY * 


IMYOMAON | 


OMY ‘ZMY+ 
OMYOMAON , 


OMY ‘9LP+ | OMY * 


EMYOMAON , 


OMH ‘9 LP+ 
ZMYOMAOCWN 


OMH ‘9 LP+ 
IMYOMAOWN 


OMY ‘9EP+ | OMH ‘ 


OMH®MAON | 


OMY ‘gP+Z | 
MY® MAOW 


OMH ‘8P+9 ! 
MY® MAOW' 


OMH ‘8P+S ! 
MY® MAOW' 
4 

OMY ‘8P+h | 
MY® MAOW! 
4 

OMH ‘8P+E | 
MY® MAOW! 


OMH ‘8P+Z 5 
MY® MAOW: 


OMY ‘8P+1 1 
MY® MAOW: 
OMY ‘8P+0 , 
MY® MAOW, 


10Md * 
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9 Lippe 


P+OMY® 
HOX 


+€MY® ‘ZY 


ZMe® ‘ZY 


‘OMY® ‘ZY 
HOX 


QLppe i+eMy© ‘OY 
‘OY HOX! HOX 


ZMY+0MY® +OMH® ‘94 
HOX 1 


QIP+EMH® | EMYO ‘OU 
HOX , 


V ‘9LP+ZMY® , ZMY® ‘OY 


HOX , 


9LP+LMY® | IMHO ‘94 
‘OU 

9LP+OMY® | OMY®O ‘OY 
‘94 HOX, HOX 


P+ZMY® ZH ‘9H 
td HOX, 


P+9MY® = '9Y ‘OY 


P+~MY®  'vy ‘OY 


P+eMY® '€Y ‘OY 


P+2ZMY© 12H ‘OY 


P+LMY® + ‘OY 


P+OMY® 0H ‘9X 
‘ou HOX! 


‘cu 


QLippe +EMY® ‘SY 
HOX ! HOX 


ZMY+0MY® ,+OMY® ‘SY 


HOX | 


9IP+EMH® EMO ‘SH 


HOX , 


lV ‘9LP+ZMY® ZMYO® ‘SH 


HOX , 


9LP+LMH® '1MH® ‘SY 


‘cu 


QLP+OMH® | OMY® ‘SY 


‘cy 


‘cy 


‘sy 


P+OMY® 


HOX | HOX 


P+ZMY® | 2H ‘SH 


HOX | 


P+LMY® | 1H ‘SY 


10H ‘SH 
HOX ! 


QLippe 1 +eMy®© ‘vy 
HOX ! 


9LP+Od® =. +7@MYO ‘vy 
HOX | 


Qiippe i+eMY® ‘ey 
HOX ! 


9LPtOd®@ 1+2@MuYO ‘ey 
HOX | 


ZMYt+MY® 1+ LMY®© ‘ve YMYtLMY® 1+1Me® ‘ey 


HOX : 


HOX : 


ZMY+0MH® |+0OMY® “bY LMYTOMY® |+OMYO ‘CY 


HOX | 


QIP+EMH® |EMYO ‘vy 
HOX | 


Vv ‘9LP+ZMY® ZMYO ‘vy 


HOX , 
QIP+IMH® | LMYH® ‘vy 


QLP+OMH® 'OMY® ‘vy 
‘yd HOX | HOX 


P+ZMY® |Z “bH 
dd HOX | 


P+9MY® '9Y ‘bY 


FO FO yD YO YX 


+ 0 


P+LMY® 1 ‘bd 


+O 


P+OMY® 10H ‘bY 
dd HOX ! 


+O 


HOX | 


QIP+EMY® |EMYO ‘CY 
HOX | 


Vv ‘9LP+ZMY® ZMYO© ‘CY 


HOX | 


9LP+LMH® | IMYO ‘EY 
‘ey 


QLP+OMH® 'OMY® ‘CY 
‘CH = HOX HOX 


P+ZMY® |Z ‘EH 
td HOX | 


Pt9MY® '9Y ‘CY 


P+LMY® 1 ‘ed 


P+OMY® 10H ‘EY 
‘ed HOX ! 


QLippe i+eMy®O ‘ZY 
HOX ! 


Q9LPtOd®@ 1+2MY® ‘ZY 
HOX | 


ZMY+hMY® 1+1}Me® ‘ZY 
HOX : 


ZMY+0MY® ,+OMUO ‘ZY 
HOX | 


QIPtEMH® ,EMYO ‘ZY 
HOX | 


Vv ‘9LP+ZMY® ZMYO ‘ZY 


HOX | 


9LP+LMY® | IMY® ‘zy 
‘tH HOX, 
‘OMY® ‘ZY 
HOX 


P*GMY® = 'SH ‘ZY 
zed HOX! 


P+~MY® |v ‘ZY 
HOX ! 


P+IMY® + ‘ZY 


P+OMY® 10H ‘ZY 
‘td = HOX! 


(HAZ = 214q }S414) BO ‘IH HO GLE FIGeL 


9 Lippe tEMYO ‘LY 
‘kd = HOX! HOX 


ZMY+0MH® +0MHO ‘14 
HOX 


QIPHEMH® |EMY® ‘14 
HOX 


Vv ‘9LP+ZMYO® ZMYO© ‘1H 


HOX , 


9LP+LMY® |LMY® ‘1 
WY 


9LP+OMY® 'OMYO ‘Lu 
‘by HOX, HOX 


P+ZMY® | ZY ‘LY 


P+9MH® | 9H ‘LY 
bY HOX'! 


P+OMY® =: OY ‘HY 
‘bd HOX! 


QlLippe . +€MY® ‘OY 


Q91Pt+Od®@ | +2MY® ‘OY 
HOX: 


ZMe+1MY® | 
HOX: 


ZMY+0MY® , +OMY® ‘OY 
HOX 

QIP+EMH® | EMYO ‘OY 
HOX , 


V‘9IP+ZMY® | ZMYO© ‘OY 


HOX , 


+LMY® ‘OY 


OLP+OMY® 
HOX 


Pt+JMY® | ZY ‘OY 


Pt9OMY® =| 9H ‘OY 


PtLMY® = FY ‘OU 
‘OH ~HOX'! 


‘OW = HOX: 
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QLppe =i +§MYO ‘LM 
ZMH MHOX 'Y MHOX 


9LP+Od® 1+Z@MYO‘LM 
ZMH MHOX 'Y MHOX 


ZMYt+IMe® | +1Me® “LM 
ZMH MHOX 1y MHOX 


ZMY+0OMH® | +OMH® ‘LM 
ZMY MHOX,H  MHOX 


QLP+EMH® ‘EMYO ‘LMY 
MHOX 


9IP+ZMY® '2zMy® ‘LM 
MHOX 


9IP+IMH® LMY® ‘ZMY 
MHOX 


P+ZMY® = 'ZMy ‘LMU 
ZMuY MHOX ! MHOX 


Pt9MY® '9MY ‘ZMY 
ZMY MHOX | MHOX 


SPtPMY® =| ~My ‘ZMY 
ZMY MHOX ! MHOX 


PteMY® MY ‘ZMY 
ZMY MHOX ' MHOX 


P+27MY® 1 7MY ‘ZMY 
ZMH MHOX ! MHOX 


P+IMY® | LM “ZMY 
ZMY MHOX | MHOX 


PHOMY® 


OMY ‘ZMY 
ZMY MHOX : MHOX 


QLippe i+eMY® ‘OM 
9MY MHOX 'Y MHOX 


giptod® i+zMy® ‘Om 
MHOX 


ZMYtIMY® |+1Me® ‘OM 
‘8@MY MHOX MHOX 


LMY+OMH® ,+OMY® ‘9M 
‘OMY MHOXH = MHOX 


9LPtEMY® ‘eMyO ‘OMY 
‘OMY MHOX , MHOX 


91P+ZMY® '2ZMYO ‘OMY 
‘OMY MHOX , MHOX 


9IP+LMY® 'IMY® ‘9M 
‘OMY MHOX | MHOX 


9IPtOMYH® 'OMY® ‘9M 
‘OMY MHOX | MHOX 


PtZMY® | ZMY ‘OMY 
MY MHOX '! MHOX 


8P+9MY® | 9MY ‘OMY 
‘9MY MHOX'! MHOX 


P+GMY® | SMU ‘OMY 
‘9MY MHOX'! MHOX 


Pt+yMY® | ~My ‘OMY 
‘9MY MHOX'! MHOX 


SP+EMY® | CMY ‘OMY 
‘9MY MHOX MHOX 


8Pt+ZMY® 


‘9MY MHOX 


7 
1 


| @Md ‘OMY 
‘9MY MHOX MHOX 


PtLMY® . LMY ‘OMY 
MY MHOX : MHOX 


PHOMY® OMY ‘OME 
‘OMY MHOX, — MHOX 


9 Lippe '+EMYO ‘SM 
[SMH MHOX 4 MHOX 


“GMY MHOX 1 MHOX 


“GMY MHOX 1 MHOX 


9LP+EMYO ‘EMYO ‘SMH 
‘GME MHOX , MHOX 


9bP+ZMY® 'ZMy® ‘SMH 
‘SMH MHOX , MHOX 


9LP+LMY® | MY® ‘SMH 
‘SMH MHOX , MHOX 


91P+OMYH® OMY ® ‘SMH 
‘SMH MHOX | MHOX 


PtZMY® | ZMY ‘SMX 
“GMY MHOX MHOX 


PtOMY® ' 
SMY MHOX | 


SP+EMY® | EMH ‘SMY 
“GM MHOX | MHOX 


8P+ZMY® | ZMY ‘SMY 
“GMY MHOX | 


OMY ‘SMU 
MHOX 


Qtippe =| +EMY© “VM 
vMY MHOX'Y MHOX 


91P+Od® 
MY MHOX 


r 


vMY MHOX1Y MHOX 


vMY MHOX.Y MHOX 


9LP+EMY® |EMYO ‘PMY 
yMH MHOX , MHOX 


9bP+ZMY® 'ZMY® “MY 
MY MHOX , MHOX 


QLP+LMY® |IMY® “yM 
MY MHOX , MHOX 


9IPtOMH® 'OMY® “PM 
MY = MHOX | MHOX 


Pt+ZMY® | ZMd ‘YMY 
vMd MHOX ! MHOX 


Pt9MY® | OMY ‘YMY 
vMd MHOX' MHOX 


P+GMY® | SMU ‘YMY 
vMY MHOX'! MHOX 


Pt+yMY® | Md ‘YMY 


vMY MHOX'! MHOX 


PtEMY® | MY ‘YMY 


vMY MHOX'! MHOX 


P+ZMY® | ZMd ‘YMY 
vMY MHOX! MHOX 


PtLMY® . LMY ‘PMY 
vMY MHOX: MHOX 


PtHOMY® =, OMY ‘YMY 
vMY MHOX: MHOX 


Qtippe =| +EMY© “EM 
€MY MHOX'Y MHOX 


giptod® .+zMy® ‘em 
eMY MHOX:'H MHOX 


q 
1 


ZMY+hMY® | +1Me® ‘SM EMu*+ IMY® | +1MY® ‘VM EMY*+ IMY® | +1MY® ‘EM 


€MY MHOX:y MHOX 


ZMY*+OMY® ‘+OMH® ‘SM EMutOMy® :+OMY® ‘VM EMutOmMy® +OMY® ‘EM 


€MY MHOX.Y MHOX 


9LPtEMYO® EMO ‘EMY 
MH MHOX , MHOX 


9bP+ZMY® 'zmy® ‘emy 
€MY MHOX , MHOX 


9LP+LMY® |1LMY® ‘EMY 
Md MHOX , MHOX 


9IPtOMH® 'OMY® ‘EMH 
MY MHOX | MHOX 


Pt9MY® 
€MY MHOX 


€MY MHOX 


8Pt+yMY® 
€MY MHOX 


€MY MHOX 


8Pt+ZMY® 
€MY MHOX! 


1 
4 


OMe ‘EMMY 
MHOX 


PtOMY® 
€MY MHOX 


9 Lippe '+EMYO ‘2M 
‘ZMH MHOX 1 MHOX 


9LPtOd® 1 +2@MYO ‘2M 
‘ZMH MHOX MHOX 


ZMYt+MY® | +b}Me® ‘2M 
‘ZMH MHOX Yd MHOX 


LMY+OMH® | +OMY® ‘2M 
‘ZWd MHOX.H MHOX 


9LP+EMY® ‘'EMYO ‘ZMH 
‘ZMH MHOX , MHOX 


9bP+ZMY® 'ZMY® ‘ZMH 
‘ZMH MHOX , MHOX 


QLP+LMY® 'LMY® ‘2Mu 
‘ZMH MHOX | MHOX 


9IPtOMH® 'OMY® ‘ZMH 
‘ZMH MHOX | MHOX 


Pt9MY® 
ZMY MHOX 


Pt+ZMY® 1 
‘ZMH MHOX! 


PHOMY® | OMY ‘ZMY 
‘ZMH MHOX MHOX 


(HAZ = 81Aq S414) 29 ‘INN MHOX 02'E'b 21921 


QL dppe itEMY® “EM 
“LM ~MHOX MHOX 


ZMY+OMY® ,+OMH® ‘1M 
‘IMY MHOXH = MHOX 


9LP+EMYO EMO ‘LMY 
‘LM MHOX, MHOX 


9tP+ZMY® ZMYO ‘1MY 
‘LMH MHOX, MHOX 


9LP+LMY® |LMH® ‘LMY 
“LM MHOX MHOX 


QLP+OMH® 'OMY® ‘1 MY 
“LMY MHOX | MHOX 


PtZMY® = 'ZMY ‘LM 
“LMd MHOX' MHOX 


PtT9MY® = '9MY ‘LM 
“LMY MHOX'! MHOX 


PtGMY® = 'SMHY ‘LM 
“LMY MHOX'! MHOX 


Pt+yMY® = '7My ‘LM 
“LMd MHOX'! MHOX 


PHEMY® EM ‘LM 
“LMY MHOX'! MHOX 


9 Lippe 1: FEMY®© ‘OM 
‘OMY = MHOX'Y 


9LP+ Od® 1 +27MY® ‘OM 
‘OMe MHOX:y 


ZMY+hMY® +1Me® ‘OM 
‘OMY ~MHOX:Y 


LMY+0MH® | *OMY® ‘OM 
‘OMY MHOX.Y 


QLP+EMY® |EMYO ‘OMY 
‘OME MHOX, 


9LP+zMY® 'zmy® ‘OMY 
‘OME MHOX, 


QLP+LMY® | LMY® ‘OMY 
‘OMY ~MHOX | MHOX 


9I1P+OMYH® 'OMY® ‘OMY 
‘OMY MHOX | 


‘OMY MHOX' 


8Pt9OMY® 
‘OMY MHOX 


OMY ‘OMY 
MHOX 


8P+OMY® 
‘OMY MHOX: 
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